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FOREWORD 


The purpose of the Preferred Circuits Manual is to encourage better engineering practice in 
the design of circuits for military electronic equipment. The manual may be considered as a 
compilation of good design practice, not toward the limiting of effort in circuit design, but as a 
standard against which true progress in circuit design may be measured. Although there is no 
current plan for issuing a military specification covering its use, the employment of the Preferred 
Circuits Manual is recommended as a guide in designing Navy aeronautical equipment. 


In the past, electronics engineering practice has been unique in the complete freedom of the 
circuit designer to choose his individual circuit elements with little regard to engineering already 
accomplished and proven. This lack of standardization was possible due to the availability of a 
vast choice of circuit elements and to the ease of correcting design errors in hand assembled 
production. However, with the advent of mechanical assembly, mechanized production and 
the prospect of automation of electronics production, it is becoming more and more necessary 
for designs to be reliable and frozen prior to production and subsequent field use. In the event 
of mobilization the man hours wasted in the analysis of poor performance and in the replacement 
of individual components during production testing and field maintenance will not be feasible 
when the quantities of electronic equipments produced by any method of machine manufacture 
are considered. 


Preliminary studies sponsored by the Bureau of Aeronautics indicate that a high percentage 
of circuit functions are subject to standardization while still retaining the desired flexibility of 
equipment performance. For the military services such standardization will result in greater 
operational reliability, simpler maintenance training and procedures, shorter lead time on delivery 
of equipment, faster acceleration of production, more efficient use of engineers, lower original 
purchase prices of equipment, and fewer spare parts at field installations. For the equipment 
producer, standardization will result in lower production costs, quicker shifting of equipment from 
development to production phases, better conservation of scarce engineering manpower, and 
lower parts inventories. 


The Navy is pleased to note the interest of many commercial groups in this program. Several 
manufacturers are offering packaged circuits for sale patterned after the circuits published in a 
preliminary edition of the manual. Other organizations have expressed their interest by utilizing 
the preliminary manual in forming company circuit stahdardization programs, in developing 
personnel training programs, in educational programs, or as a convenient technical reference. 
The heavy demand by industry for copies of the preliminary manual has made it advisable to make 
this formal printing available through the Government Printing Office. 


The Preferred Circuits Manual is being prepared as an Industrial Preparedness Measure by 
a large and varied group in the engineering electronics laboratories of the National Bureau of 
Standards under the guidance and sponsorship of the Bureau of Aeronautics. As additional 
circuits are chosen, they will be issued through the Government Printing Office for inclusion in 
the manual. 

The success of this circuit standardization program depends ultimately upon the active 
participation of the design engineer and equipment manufacturer in utilizing the circuits, in 
criticising material presently in the manual and in submitting improved or additional circuits 
for inclusion in the manual. Such material should be addressed to the Chief of the Bureau of 
Aeronautics (IP-43), Department of the Navy, Washington 25, D. C. 
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INTRODUCTION 


Standardization within United States industry has been obtained only through 
full discussion and agreement by all interested parties. In the field of military 
electronic equipment, this has not been possible, partially because of security. 


The Industrial Planning Division of the Bureau of Aeronautics, Department of 
the Navy, requested the National Bureau of Standards to undertake a study and 
gather data to implement a program of circuit standardization. If standardization 
of electronic circuits can be achieved, even in part, considerable economies will 
result. These savings will include more economical utilization of engineering man- 
power in the development, production design and maintenance of equipment. 
Additionally, economies will accrue in equipment procurement and in spare parts 
distribution. Equipment reliability should also improve, since well-tried circuits 
would be used wherever possible. Such a program will in no way limit or retard 
progress because circuits of insufficient performance would not be used. 


The name “preferred circuit” was chosen rather than “standard circuit” since 
a circuit cannot become a “standard” until is it widely adopted. Also “preferred” 
was adopted because the connotation that has been widely established from the 
several “preferred tube” lists is exactly the same as that meant here. 


The “preferred circuits” of this manual are not offered as being considerably 
superior to available alternates or to other circuits that might be devised to replace 
them. Yet these preferred circuits represent, so to speak, a least-common-de- 
nominator, in that a large percentage of applications can be satisfactorily fulfilled 
by their employment. These preferred circuits have been derived on the basis of 
experimental measurements on a large number of examples taken from both com- 
mercial and military equipments and represent designs that are well stabilized. 
In almost all cases, similar circuits have been in use for at least 10 years with only 
very minor improvement. 


The “preferred circuits” of this manual are not offered as definitive solutions. 
It is hoped that engineers will use this compilation as a convenient summary of the 
state of the art, and as a means of avoiding unnecessary diversification and design 
effort. This is a very loose form of standardization, but constitutes a step in the 
right direction. 

The preferred circuits may seem to be needlessly complex for general applica- 
tion, particularly in regard to dependence upon negative supplies. Although for 
individual circuits the negative source might be eliminated, designers are universal- 
ly employing negative supplies, as may be seen from the examples given in the Notes. 
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ORGANIZATION OF THE MANUAL 


To achieve flexibility, the manual is arranged by preferred circuit numbers. 
The circuit is given first with its characteristics and other information enabling the 
engineer to select and construct the circuit. Successive pages carry a discussion, 
giving more information on use and design methods. 

For the designer whose interest extends beyond an immediate design problem, 
the steps which led to each preferred circuit are summarized in Part 2, ‘“‘Notes to 
the Preferred Circuits Manual.” The several steps covered with varying emphasis 
are: 

(1) Examples taken from an equipment survey. 

(2) A brief discussion of major differences and similarities in the several 
examples. 

(3) A summary of ranges of performance required. 

(4) A presentation of design considerations too extensive to be included 
in the “Preferred Circuits Manual.” 


DIRECTIONS FOR USE 


Within this manual there is no attempt to completely specify all component 
parts since the environment is usually the determining factor. In determining the 
values of resistors and capacitors, particular care should be taken. The values 
are given with a plus and minus limit that should not be confused with manufactur- 
er’s tolerance. The limit should be interpreted to include all the sources of change 
during the use of the circuit. 

Among the choices left to the designer are: 

(1) Choice of one out of several electrically equivalent tube types, relia- 
bility being the controlling factor. 

(2) Resistor wattage rating, since ambient temperature is the controlling 
factor. 

(3) Capacitor voltage rating, since ambient temperature is the controlling 
factor. 

(4) Choice of configuration if several alternatives are offered. 

(5) Choice of component values in some cases depending on functional 
parameter such as frequency. 

(6) Choice of construction and assembly technique. 

For information, the following partial listing of reliable tube types and their 
lower quality counterparts is included. Complete interchangeability is not implied. 
Such information is available from manufacturers’ literature. 


Preferred Type Prototype 
5654/6AK5W__-____.-.-2- 2 eee 6AK5 
SO(OW AL nese cate au se bate eee 2C51 
5725/6AS6W ___--._.-----.--_--_--------- 6AS6 
S726/OR UG Wesnc no Sage aiaaeS ine tetes an pak 6 ALS 
SISIWAs eset elec eos ee cnll eS 12AX7 
S8l4WAY ooo eee Sateen 12AU07 
6005/6AQ5W _______--___-_--.----- eee. 6AQ5 
G080WAL 22-8. e nla b eee cece Je 6AS7 
6098/6AR6WA____-__-_. eee 6AR6 
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INTRODUCTION 


In 1952 the Industrial Planning Division of the Bureau of Aeronautics 
(now integrated into the Bureau of Naval Weapons), Department of the Navy, 
requested the National Bureau of Standards to undertake a preliminary program 
leading toward electronic circuit standardization. This interest in circuit 
standardization was prompted by the increasing use of mechanized production 
of electronic equipment with the prospect of automatic production, and by the 
belief that the reliability of electronic equipment could be improved by the use 
of circuit designs which had been proven in field use. The life data accumulated 
from the increased use of these circuits would provide further basis for circuit 
improvements resulting in further increases in equipment reliability. Other 
advantages of circuit standardization are the more efficient utilization of scarce 
engineering manpower in the design, development, production, and maintenance 
of electronic equipment; economies in the production and procurement of 
equipment and spare parts; and improvements in spare parts distribution. 

Preliminary studies indicated that a large percentage of the circuit func- 
tions could be standardized without adverse effect on equipment performance. 
The program of vacuum-tube circuit selection and testing which followed 
resulted in the publication of the Handbook Preferred Circuits in September 
1955. The circuits in this handbook were derived on the basis of experimental 
measurements on a large number of examples taken from both commerc’al and 
military equipment, and represent designs that are well established. In almost 
all cases, similar circuits had been in use for at least 10 years with only minor 
improvements. Since publication of the Handbook, more vacuum-tube cir- 
cuits which meet these same qualifications have been added by means of pub- 
lished supplements. 

The success and acceptance of the vacuum-tube program led to the initia- 
tion of a similar program for transistor circuits. Transistor preferred circuits 
cannot be based on a large sampling of existing systems, because only a few 
transistorized equipments have seen extensive field service. Furthermore, 
since transistor circuits are undergoing constant improvement, transistor pre- 
ferred circuits can be expected to become outdated and require replacement 
more frequently than vacuum-tube circuits. Nevertheless, many of the 
advantages outlined for the vacuum-tube preferred circuits apply as well to 
transistor preferred circuits. As a result, beginning with Supplement Number 
1, transistor circuits have been included in the Preferred Circuits Manual. 
These circuits, which have been chosen from the functional circuit types whose 
design has become relatively stable, serve as a guide to current design practice 
and as a base against which improvement can be measured. 

The name “preferred circuit” rather than “standard circuit” was chosen 
to take advantage of the connotation established by the publication of the 
several “preferred” lists of electronic components. Further, it was realized 
that a true standard can be obtained only through the combined efforts of all 
interested parties. The preferred circuits of this Manual, whether vacuum 
tube or transistor, represent, so to speak, a least-common-denominator, in 
that a large percentage of applications can be satisfactorily fulfilled by their 
employment. They are not offered as definitive solutions nor as being consider- 
ably superior to available alternates or to other circuits that might be devised 
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to replace them. It is hoped that engineers will use the preferred circuits as a 
convenient summary of the state of the art, and as a means of avoiding 
unnecessary diversification and design effort. 

In the selection of circuits of mature design for inclusion in the Handbook 
Preferred Circuits, first preference has been given to circuit types which are 
applicable in many different types of electronic equipment. The preferred cir- 
cuits are designed for tubes or transistors which appear on the appropriate 
military preferred list (MIL-STD-200 or MIL-STD-701). When regulated 
supply voltages are required, those specified in MIL-STD-706! are used. 
Where possible, component values have been restricted to those appearing in 
MIL-STD-242C (NAVY). 

No attempt has been made to completely specify all the components used 
in the preferred circuits, since such specifications must take into consideration 
the environment in which the circuit is expected to operate.” Instead, the 
nominal component values are specified, together with plus and minus limits. 
The specified performance is based on component values which remain within 
these limits during the time that the circuit is in operation. As used in the pre- 
ferred circuits, the term “limits” includes the initial tolerance of the part and 
the drifts caused by environmental change, aging, or any other cause. 

The preferred circuits are designed to operate as specified with any vacuum 
tube, transistor, crystal, or other critical component which is acceptable under 
the military specifications for its type. The performance specified for the circuit 
is generally based on ‘worst case” design. However, the performance is 
specified as realistically and in as much detail as possible, so that the designer 
who uses the statistical approach will have a basis for determining the relative 
effect of supply voltage and component characteristic changes. 

In the design of the preferred circuits, every effort has been made to mini- 
mize the interaction between them; however, electronic circuits are not ideal 
building blocks. In particular, users of the Handbook Preferred Circuits are 
cautioned against the indiscriminate mixing of vacuum-tube and transistor 
circuits. The use of a transistor circuit to drive a vacuum-tube circuit usually 
presents no problem. The use of a vacuum-tube circuit to drive a transistor 
circuit, however, may lead to difficulties unless intermediate devices are used 
to facilitate the transition from the relatively high output impedance of the 
vacuum tube to the low input impedance of the transistor. Suitable coupling 
devices include transformers, cathode followers used as the vacuum-tube output 
stage, or high-impedance transistor preamplifiers used as the transistor input 
stage. 

The Handbook Preferred Circuits is designed for loose leaf binding to 
facilitate the addition of new circuits and the revision of existing circuits as 
they are updated. The pages in each preferred circuit are numbered inde- 
pendently for the same reason. The material in the Handbook is divided into 
two parts: Part 1 is the Preferred Circuits Manual and contains the recom- 
mended circuits; Part 2 is Notes to the Preferred Circuits Manual and contains 
related information not essential to the building and use of the preferred circuit. 
Part 1 is further subdivided into two parts, the first part containing the vacuum- 


1 MIL-STD-706 establishes nominal values for regulated direct-current supply voltages 
in the range of 100 to 500 volts; it is being revised to include voltages less than 100 volts for 
transistor circuits. The voltages tentatively selected are 1.5, 3, 6, 12, 25, and 50 volts, 
positive and negative. 

? Some of the preferred circuits have been published in MIL-STD-439(AER) with 
parts completely specified for operation from —55 to +85° C and from —55 to + 125° C. 
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tube circuits, which have numbers less than 200, and the second containing 
the transistor circuits, whose numbers start with PC 201. 

The preferred circuit numbers have been assigned in blocks according to 
the circuit function. Unused numbers in the blocks have been left for future 
additions to the Handbook; thus, the present numbering of the preferred 
circuits is not necessarily consecutive. Each preferred circuit consists of the 
circuit schematic, specifications, and text giving application, design, and 
performance information about the circuit. The user of the Handbook may 
readily determine whether or not a preferred circuit meets his needs by referring 
to the circuit diagram, the specification, and the first section of the text headed 
APPLICATION. This section summarizes the capabilities of the circuit and 
its uses. Information necessary for the design and construction of the circuit 
is presented under DESIGN CONSIDERATIONS. Performance is discussed 
in detail in the section headed PERFORMANCE. Other sections are added 
as necessary. 

For the designer whose interest extends beyond the immediate design 
problem, additional material on each category of preferred circuit is included 
in the Notes to the Preferred Circuits Manual. The information found in 
these notes falls into one or more of the following categories: 

1. General information, or information applying to more than one of the 
preferred circuits. 

2. Circuit examples taken from an equipment survey, with a brief dis- 
cussion of the similarities and differences of the circuits. This information may 
show other methods of obtaining the same circuit function, compare the several 
methods, summarize the range of performance required, and justify the choice 
of the preferred circuit. 

3. Design considerations which are too lengthy to be included in the 
Preferred Circuits Manual, and which are of the ‘“‘nice to know”’ rather than the 
“need to know” variety. 
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PART 1 
PREFERRED CIRCUITS MANUAL 


A. VACUUM-TUBE CIRCUITS 


NBS PREFERRED CIRCUIT NO. 1 
DC REGULATOR FOR POSITIVE OUTPUT 150 VOLTS 


NBS PREFERRED CIRCUIT NO. 1 
DC REGULATOR FOR POSITIVE OUTPUT 150 VOLTS 


R5 VI 


v2 
5654/6AK5W 


V3 
565! WA 


Unless otherwise stated: Rin ohms; C>l in pyf; 
C<I in wf, Lin wh 


+Input volts — Ref. volts 
Output volts (minimum) (minimum) RA 
150 200 150 (See Note 1) 
Maximum load current per triode section of 6080WA: 
1 only 125 ma 
2 or more in parallel 100 ma 


R10, R12: 41% limits; R1, R2, R7, R8, R11: +5% limits; R3, R4: +10% limits; R5, R6, R9: 
+20% limits. (Note 2.) 
All C: +20% limits. 
Norss: 
1. Select R4 according to available Z, so as to draw 2.5 ma through 5651WA. 
2. The performance specifications are based on component values which do not deviate from 
the nominal by more than the limits specified above. Thus the term “limits” includes the initial 


tolerance plus drifts caused by environmental changes or aging. 
3. Ri, R2, R4, R10, R1i, R12: Select for temperature stability. 
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PREFERRED CIRCUIT 1 1-3 
NAVAER 16—1-519 


PC 1 DC REGULATOR +150 VOLTS: 
1. APPLICATION 


This circuit has been designed for use where a 
1% regulation is acceptable. PC 1 is intended for 
use with any unregulated power source to provide 
low output impedance, stability against input 
voltage variations and output load changes, and 
ripple reduction. Output variation will be less 
than +1% under the normal line and load varia- 
tions encountered in military equipment. 


2. DESIGN CONSIDERATIONS 


Considerations concerning design and circuit 
performance are discussed below. 


2.1 Definitions of Terms: ; 

(a) Stabilization Ratio—S: The change in 
output voltage for a given change in input voltage 
with load constant. Stabilization ratio may be 
used as.a percentage or as the inverse ratio, 1/8. 

(b) DC Output Resistance—R, : 
change in output voltage to change in output 
current with input voltage held constant. 

(c) Output Impedance—Z,: Ratio of the ac 
components of output voltage and current when 
load is varied sinusoidally with input voltage held 
constant. 

(d) Ripple Gain—e,/e,(120cps): Ratio of the 


Ratio of 


1% REGULATION 


ac components of input voltage to output voltage 
at ripple frequency. The frequency of 120cps is 
selected as lowest frequency usually encountered. 
2.2 Reference Circuit: Although complete com- 
parison data are not available, the 5651 and 
electrical equivalents appear to be the most stable 
glow discharge devices available. 

By feeding the 5651 from a regulated external 
negative source rather than connecting it between 
the cathode of the de amplifier tube and ground, 
three improvements are effected: first, the 
cathode of the amplifier is at ground rather than 
90 volts above ground, thereby allowing a larger 
plate swing; second, the 5651 is in a grid rather 
than a cathode circuit and therefore operates 
under constant current conditions; and third, the 
de amplifier gain is greater with this connection 
because cathode degeneration caused by gas tube 
impedance is not present. The choice of current is 
a compromise between higher noise level at lower 
currents and shortened life at higher currents. 
The bypass capacitor, C2, is the largest value 
recommended by tube manufacturers. 

2.3 Amplifier Circuit: The 5654 and electrical 
equivalents were chosen for the amplifier because 
of their recurrence in equipment design and their 
generally satisfactory operation. The plate feed is 


SUPPLY IMPEDANCE 
FOR TEST SUPPLY 


100 


SUPPLY 


REGULATED 


TEST SUPPLY 


TEST CONDITION: 
Eg = 300V 

I LOAO = 170 ma OC 
i LOAD = 10 ma RMS 


1K loK 100K 


FREQUENCY (cps) 


392077 O -56 -2 


Fig. I~! 
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REGULATED 
SUPPLY 


MODULATOR 


aubdio OSC. 


TEST CIRCUIT FOR MEASURING RELATIVE OUTPUT IMPEDANCE OF A VOLTAGE REGULATOR 


Fig. 1-2 


taken from the unregulated output. Screen grid 
sensing from the unregulated voltage increases 
the gain of the amplifier. The 330 resistor in the 
control grid circuit is a parasitic oscillation 
suppressor. 


2.4 Series Tube: The 6080 and equivalents were 
chosen because of their Jow static plate resistance 


3.0 


2.5 


2.0 


10 100 


PREFERRED CIRCUIT NO. | 
VARIATION OF Zo WITH DC LOAD 


LEGEND 
= NO OUTPUT CAPACITOR 
ww—— =: 2pf 
TEST CONDITIONS 
Eo = I5OV 
TEST CURRENT= 1Oma RMS 


LOAD CURRENT = 50ma 


and high heater-to-cathode voltage rating. Cath- 
ode resistors are included for the purpose of 
equalizing current flow when triode sections are 
connected in parallel. The grid resistors are 
parasitic oscillation suppressors. 


2.5 Measured Performance: Z, of the test sup- 
ply used for measurements is shown in figure 1-1. 


OUTPUT CAPACITOR 


IK 10K 
FREQUENCY IN (cps) 
Fig. I-3 


100K 
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This test supply is a simulated unregulated supply 
formed by adding series resistance and shunt 
capacitance to a standard laboratory power sup- 
ply. A supply of this type was used to keep power 
source ripple from masking the output impedance 
measurements. Figure 1-2 shows the test setup 
used for deriving the impedance curve.!2 In 
figure 1-8 typical impedance curves of the com- 
bined regulator and supply are shown as a function 
of load current. Since reduction of impedance is a 
function of the series tube transconductance, and 
transconductance is a function of tube current, 
the increase of effective impedance with decrease 
in load current is expected. The effect of output 
capacity on impedance is shown by the dotted 
lines for two cases of load current. A value of 2uf 
was used as the lowest value to be expected in 
practice. Increased capacity decreases the magni- 
tude of the hump and the frequency at which the 
maximum occurs. In the preferred circuit, 
increased capacity will not cause oscillation. 


The 6080 series tube in the degenerative elec- 
tronic regulator of PC 1 regulates by simulating a 
variable resistor in series with the supply voltage. 
The difference between the supply or input vol- 
tage, E., and the regulated output voltage, F,, is 
the plate-cathode voltage drop, #,,, across the 
series tube. When the regulator is operating, an 
increase in input voltage results in an increase in 
the magnitude of the negative grid cathode bias 
of the series tube. This increases the effective 
resistance of the series tube. The plate cathode 
drop across this tube is thereby increased (assum- 
ing constant load current) while the output vol- 
tage remains approximately constant. When the 
input voltage drops, the magnitude of the nega- 
tive grid cathode bias of the series tube is reduced 
by the action of the 5654 regulator amplifier, the 
tube becomes a smaller effective series resistor, 
its E,, decreases, and the output voltage remains 
essentially constant. If the input voltage con- 
tinues to decrease, a point will be reached where 
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the grid cathode potential of the series tube will 
become zero. At this point, the series tube grid 
will draw current and the regulator amplifier will 
lose control. The output voltage will now drop 
sharply. This value of E,, which is a function of 
input voltage (output voltage remaining constant 
until this point) is known as the break point vol- 
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200ma. Substitution of a range of tubes shows a 
variation of +50% in performance. The optimum 
screen divider ratio, however, is relatively con- 
stant. The gain of the regulator with respect to 
power frequency variations of input voltage is 
shown in figure 1-5. All curves were taken with a 
ripple amplitude of 1 volt rms. The average 5654 


120 140 160 180 200 220 
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Fig. 1-5 


tage, because it is the point at which the output 
voltage breaks sharply when the input voltage is 
continually decreased. In the test noted, the 
plate cathode voltage, E,,, of the series tube was 
set 10v greater than the break point voltage. The 
test supply shown in figure 1-1 has an LC filter. 
This filter is resonant in the vicinity of 20cps. 
This resonance together with the high impedance 
of the simulated supply is sufficient at 250ma 
load to drive the 6080 grid to its positive region 
on negative peaks at low frequencies. 

The curves in figure 1-4 show the effect of a 
7.5% variation in the screen divider ratio, 
R1/(R1+R2), on Z, for load currents of 50 and 


or equivalent will allow satisfactory operation at 
minimum input voltage (50v plus the output 
voltage). In the case of some tubes, poor ripple- 
reduction and low-frequency stabilization will be 
encountered at full load-minimum input voltage 
conditions. With tubes giving the results shown 
in the composite curve of figure 1-5, little im- 
provement with change in screen divider ratio is 
found. The bottom curve of figure 1-5 shows the 
operation of this regulator with screen divider 
connected to the regulated output. The improve- 
ment afforded by input side connection of the 
screen divider is considerable. 
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Typical de characteristics of the circuit are 1 only 125ma 
shown in figure 1-6. The over-all regulation is 2 or more in parallel 100ma 
better than 0.33%. This regulation compares 
favorably with the stability of the reference 
source, which may be 40.5% including effects of 


This limitation is dictated by the plate dissipation 
limits allowed by MIL~-E-1B. 


temperature and long time changes. (b) Some deterioration in Z, at high fre- 

The output current is: quencies should be anticipated when 

(a) Maximum load current per triode additional 6080 sections are paralleled 
section of 6080: to obtain higher. output current. 
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NBS PREFERRED CIRCUIT NO. 2 
DC REGULATOR FOR NEGATIVE OUTPUT 150 VOLTS: 1% REGULATION 


NBS PREFERRED CIRCUIT NO. 2 
DC REGULATOR FOR NEGATIVE OUTPUT 150 VOLTS 


6080WA 
R6 


FILTER 


FROMCT 
OF TRANSFORMER 


Unless otherwise stated: Rinohms, C>linuuf; C<! in pf; 


L ingh 
Input volts — Ref. volts 
Output volts (minimum) (minimum) Resistors 
E, E; E, Ri R2 R12 
150 200 300 39KQ 27KQ (See Note 1) 
Maximum load current per triode section of 6080WA: 
1 only 125 ma 
2 or more in parallel 100 ma 


R9,R10,R11: 41% limits; R1,R2,R6,R7: +5% limits; R3,R12: 410% limits; R4,R5,R8: +20% 

limits. (Note 2.) 

All C: +20% limits. 
Nores: 

1. Select R12 according to available EZ, so as to draw 2.5 ma through 5651WA. 

2. The performance specifications are based on component values which do not deviate from 
the nominal by more than the limits specified above. Thus the term “limits” includes the initial 
tolerance plus drifts caused by environmental changes or aging. 

3. R1,R2,R9,R10,R11,R12: Select for temperature stability. 
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PC 2 DC REGULATOR FOR -—150 VOLTS: 


1. APPLICATION 


This circuit has been designed for use where a 
1% regulation is satisfactory. PC 2 is intended for 
use with any unregulated power source to provide 
low output impedance, stability against input 
voltage variations and output load changes, and 
ripple reduction. Output variation will be less 
than +1% under the normal line and load varia- 


tions encountered in military equipment. 


1% REGULATION 
2. DESIGN CONSIDERATIONS 


All considerations given in PC 1 apply to this 
circuit. Only deviations from this circuit will be 
discussed. 


2.1 Reference Circuit: A second reference tube 
is required to provide negative bias. 

The characteristic curves shown for PC 1 apply 
to this circuit also. The de characteristics such as 
R, are improved because of the lower attenuation 
in the comparison circuit. 


NBS PREFERRED CIRCUIT NO. 3A 
DC REGULATOR FOR PLUS OR MINUS 300 VOLTS: 1% REGULATION 


NBS PREFERRED CIRCUIT NO. 3A 
DC REGULATOR FOR PLUS OR MINUS 300 VOLTS 


6080WA 


Unless otherwise stated: Rinohms; C> lin RHF, C<linuf, Linyh 


Output Input volts 
volts (minimum) Cé 
0 i (minimum) 
300 (Note 1) 350 4uf 


Maximum load current per triode section of 6080WA: 1 only, 125 ma; 2 or more in parallel, 100 ma. 

R17: Temperature and voltage stable. 

R18,R19,R20: Wire-wound or other temperature stable type. Use equal wattage per ohm rating 
in each arm of divider. 

R18,R20: +1% limits; R8,R9,R13,R14,R17,R19: +5% limits; R5: 410% limits; R1,R2,R3,R4, 
R6,R7,R10,R11,R12,R15,R16: +20% limits. (Note 2.) All C: +20% limits. 


Norss: 

1. Ground one side of the regulated output to obtain the desired polarity. For negative 
outputs, the input voltage must be ungrounded. 

2. The performance specifications are based on component values which do not deviate from 
the nominal by more than the limits specified above. Thus the term “limits” includes the initial 
tolerance plus drifts caused by environmental changes or aging. 
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PC 3A DC REGULATOR 300 VOLTS: 1% REGULATION 


1. APPLICATION 


This circuit has been designed for use when 1% 
regulation is satisfactory. PC 3A is intended for 
use with any unregulated power source to provide 
low output impedance, stability against input 
voltage variations and output load changes, and 
ripple reduction. This circuit was chosen to meet 
the many needs for a supply with self-contained 
reference source, low impedance, and high gain 
with respect to low-frequency input disturbances. 


2. DESIGN CONSIDERATIONS 


Considerations concerning design and circuit 
performance are discussed below. Figures 3-1 and 
3-2 show typical operating conditions. 


2.1 Reference Circuit: Although complete com- 
parison data are not available, the 5651 and 
electrical equivalents appear to be the most stable 
glow discharge devices available. The 5651 is fed 
from the regulated output. The choice of current 
is a compromise between higher noise level at 
lower currents and shortened life at higher cur- 
rents. The bypass capacitor and resistor network 
R12, C2 is designed to attenuate the transient 
noise spikes characteristic of glow discharge tubes. 
R10 is a parasitic oscillation suppressor. 


2.2 Amplifier Circuit: The 5751 and electrical 
equivalents were chosen for the amplifier because 
of their recurrence in equipment design and gener- 
ally satisfactory performance. The plate feed is 
taken from a voltage divider across the series tube 
to decrease the plate swing required of the output 
section of the 5751. This circuit is a compromise 
between higher plate supply potential allowing 
linearity of operation at low input voltage and 
high load conditions, and constant voltage plate- 
feed to yield better gain and lower required plate 
swing at normal operating conditions. 

The need for lower plate swing may be seen by 
the following illustration. Assume an increase in 
input voltage. The plate of the output tube now 
swings negative in order to pull the grids of the 
series tubes more negative. The supply of the 
output section of the regulator has become more 
positive since it is fed from the unregulated input. 
Therefore the tube must swing negative by an 
additional amount to compensate for this rise in 
supply voltage. The divider cuts this compensat- 
ing swing in half. 

Without this arrangement, it is difficult to 
design the amplifier with a reasonable plate load 
resistor in the 5751 output stage and at the same 
time allow the regulator to operate at high-vol- 
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tage, low-current levels without driving the grid of 
the output section of the 5751 positive. The loop 
gain of the amplifier exceeds 1000. 

The divider in the input stage of the 5751 is not 
within this loop. The circuit is very sensitive to 
changes in divider ratio. The use of a low resist- 
ance divider causes appreciable power dissipation ; 
this divider should therefore employ resistors 
whose wattage ratings are very conservative. 
These wattages should be in the same ratio as the 
power dissipation so as to yield a reasonably 
constant ratio. This factor is one of the most 
critical aspects of regulator stability. 


The feedback network R5, Cl provides fre- 
quency selective negative feedback across the 
This 
decreases the regulator high frequency output 


output stage of the regulator amplifier. 


impedance at the cost of increased mid-frequency 
output impedance. Resistor R17 decreases output 
resistance and increases stabilization by feeding a 
portion of the input voltage change to the regula- 
tor-amplifier cathode. 


2.3 Series Tube: For a discussion of the series 
tube refer to PC 1, Section 2.4. 
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NBS PREFERRED CIRCUIT NO. 4 
DC REGULATOR FOR PLUS OR MINUS 150 VOLTS: 0.1% REGULATION 


NBS PREFERRED CIRCUIT NO. 4 
DC REGULATOR FOR PLUS OR MINUS 150 VOLTS 


Unless otherwise stated: 
Rin ohms; 

Col inuzpf, C<l in pf; 
Lin wh 


CONNECTION FOR ALL HEATERS 


Input volis Screen volts 
Output volts (minimum) (minimum) C4 
150 (Note 1) 190 150 (Note 2) 4 uf 


Maximum load current: 100 ma per series tube. 

R7,R8,R16,R19,R21,R22,R23: Wire-wound or other temperature stable type. Use equal wattage 
per ohm in each arm of reference divider. 

R19,R21,R23: +1% limits; R7,R8: 42% limits; R16,R22: +5% limits; R9,R11,R12,R18,R20: 
+ 10% limits; R1,R2,R3,R4,R5,R6,R10,R13,R14,R15,R17: 420% limits. (Note 3) 

Cl: +10% limits; all other C: +20% limits. 


Notss: 

1. Either output terminal may be grounded; however, thg Rigs ey input terminal must not 
be grounded. Post TNP~" TeRminal Musv ET be 7 ilpcsiatih ed 

2. Screen supply should be fused for 20 ma per series tube to prevent damage to the screen 
if the input voltage is off while the screen supply is on. If an unregulated screen supply is used, 
maximum ripple should be 1.0 volt rms. 

3. The performance specifications are based on component values which do not deviate from 
the nominal by more than the limits specified above. Thus the term “limits” includes the initial 
tolerance plus drifts caused by environmental changes or aging. 
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PC 4 DC REGULATOR +150 VOLTS: 0.1% REGULATION 


1. APPLICATION 


This circuit has been designed for use in applica- 
tions requiring superior regulation and long time 
stability. The factors affecting output voltage 
stability with respect to temperature and time are 
the characteristics of the glow-discharge reference 
tube, the input-stage cathode-balance, and the 
reference-voltage divider. 


2. DESIGN CONSIDERATIONS 


2.1 Definition of Terms: See PC 1, Section 2.1. 


2.2 Series Tube: A 6098 pentode-connected 
series tube was chosen for use with this circuit 
because it requires less control grid voltage varia- 
tion to compensate for a given change in load 
current or line voltage as compared with a low-mu 
triode, and thereby allows considerable simplifica- 
tion of the associated control circuitry. This 
advantage more than makes up for the added 
complexity and increased power consumption of 
the screen-voltage supply. 

In the operation of the pentode-connected 6098 
series tube, under conditions of zero control grid 
bias and 150v difference of potential between the 
screen and cathode, a maximum load current of 
100ma will flow when the plate cathode voltage is 
35v. Under these conditions the screen will draw 
12.5ma. 

The separate screen supply can be connected 
between the screen of the 6098 tube and the posi- 
tive side of the PC 4 output, as shown. If a 
separate 300v supply is available, it may be 
connected between the 6098 screen and the 
negative side of the output, with the advantage 
that the screen current in this case adds to the 
load current. 

While a regulated voltage source in the screen 
circuit of the PC 4 yields smaller changes in out- 
put voltage for given changes in input voltage and 

output current, an unregulated screen supply will 
keep output voltage changes less than 150 milli- 
volts, or 0.1%. 

The current output of PC 4 has been nominally 
rated at 100ma per series tube, by allowing for the 
maximum screen current consumption and 10% 


cathode current derating of the 6098. If the cur- 
rent that the screen draws adds to the Joad cur- 
rent, then the maximum load current is increased 
to 112.5ma per tube. 


2.3 Amplifier Circuit: The regulator amplifier 
has two cascaded twin triode stages, (i. e., the 
plates of the input stage feed the grids of the 
output stage). The input stage, V5, is a be ‘anced 
differential amplifier, while the output stuge is a 
cathode-coupled differential amplifier. 1 A change 
in the de output voltage, F,, appears in full at the 
grid of V5A but is attenuated at the grid of V5B. 
Initial velocity and contact potential changes are 
balanced out in a common cathode resistor, R19. 

The balanced output of V5 is fed to the grids of 
V3. A single-ended output is taken from the plate 
of V3A and used to drive the control grids of V1 
and V2. 

Filter R17,C2 attenuates noise generated by 
gas tube V4 before it reaches the grid of V5A. 

Neglecting R22, the voltage change seen 
at the grid of V5B for slow changes in E, is 
R23/(R21+R23) of the change in E,. For more 
rapid changes in E,, R23 is bypassed by C3 and 
the change seen at the grid of V5B is therefore 
zero. The differential voltage seen by the grids of 
V5 for rapid changes in output voltages is there- 
fore equal to the total change in output voltage. 

A series RC circuit (R9,C1) is connected 
between the plate and grid of V3A. This circuit 
provides negative feedback which reduces the gain 
of the output stage, thus decreasing the over-all 
loop gain with a resulting increase in the output 
impedance of the regulator at frequencies higher 
than 500cps. However, in the vicinity of 50kc, the 
feedback network produces a phase shift which 
prevents the regulator from becoming unstable 
and oscillating. 

The output capacitor C4 acts as a low output 
impedance at frequencies above 60kc where the 
gain of the amplifier is too low to be effective. It 
also acts to decrease the signal fed to the amplifier 
so that phase shift present in the loop at these high 
frequencies cannot cause oscillation. 

The cumulative effect of R3, C1, C3, and C4 is 
to produce an output impedance which decreases 


‘1George E. Valley, Jr. and Henry Wallman, ed., Vacuum Tube Amplifiers, Rad. Lab. Series, vol. 18, McGraw-Hill, 


1948, p. 441. 
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PREFERRED CIRCUIT NO. 4 Eo = £I50V 
Zo VS FREQUENCY ASA FUNCTION OF DC LOAD 
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Fig. 4-1 


in magnitude from zero frequency to about 200cps 
because of C3, increases in magnitude from 200cps 
to about 50ke, then is restricted in magnitude 
between 50ke and 70ke due to R9, Cl, and de- 
creases in magnitude between 70kc and 150ke due 
to C4. At about 150kc, C4 is series resonant. 
Above this frequency the impedance is determined 
by lead inductance. 

The plates of the output amplifier tube, V3, are 
fed from a divider across the separate screen sup- 
ply. The screen supply is used because even when 
unregulated, it varies less than the input voltage, 
while the divider further reduces this variation 
and allows optimum setting of the plate supply 
voltage. 


2.4 Measured Performance: Impedance was 
measured in the same manner as described in 
Section 2.5 of PC 1. Measurements taken with 
both regulated and unregulated screen supplies 
showed negligible differences. Typical results for 
full, half, and quarter maximum-load currents are 


shown as solid lines in figure 4-1. All three of these 
curves were taken with a 4yuf capacitor across the 
supply output. A fourth curve, shown dotted, 
was taken with a load of 175ma and an output 
capacitor of 8uf, to show the effect of increasing 
the output capacity. The impedance is less than 1 
ohm under all the conditions shown in figure 4-1, 
and the lack of sharp peaks in the characteristic 
indicates stability against oscillation. 


A typical curve showing output voltage as a 
function of series tube plate-cathode voltage, 
when input voltage only is varied and screen and 
heater voltages are held constant, is shown by 
the solid line of figure 4-2. The variation of 
output voltage as a function of plate-cathode 
voltage when both screen and input voltage are 
varied is shown by the broken line of figure 4-2, 
while the variation of output voltage as a function 
of plate-cathode voltage when screen, input, and 
heater supplies are simultaneously varied is 
shown by the dotted line of figure 4-2. These 


150.10 


PREFERRED CirRcuIT 4 4-5 
NAVAER 16—-1-519 


PREFERRED CIRCUIT NO.4 Eo= tiI50v 
STABILIZATION VS PLATE- CATHODE VOLTAGE 
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latter two measurements were taken by connect- 
ing first the screen and input, and secondly the 
screen, input, and heater supplies to the output of 
a variable transformer. The relation between AC 
line, screen, and plate-cathode voltages is show 
in figure 4-3 (page 4-6). The nominal line voltage 
was taken as 115v and variations were +10% 
about this value. Heater voltage as a function of 
plate-cathode voltage is not shown as it is an 
; : : & 

essentially linear function of tee voltage, and 
in general, restrictions in performance specifica- 
tions are on line rather than heater voltage. 


AND UNREGULATED HEATER SUPPLY VOLTAGE 
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The over-all conclusion to be drawn from the 
curves shown is that heater voltage variation is 
the prime offender in changing output voltage in 
PC 4. However, adding the effect of change in 
load current (which is 0.03v for a reduction in load 
current from full to quarter load) to the worst 
over-all variation shown, the change in output is 
less than 0.1% or 0.15v. 


The measured de resistance was approximately 
0.20. An input ripple of 10 volts results in an 
output ripple of less than 1 millivolt. 
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PREFERRED CIRCUIT NO.4 Eg= +I50V 


RELATION OF AC LINE VOLTAGE AND 
SCREEN VOLTAGE TO PLATE-CATHODE VOLTAGE 
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NBS PREFERRED CIRCUIT NO. 5 
DC REGULATOR FOR PLUS OR MINUS 300 VOLTS: 0.1% REGULATION 


NBS PREFERRED CIRCUIT NO. 5 
DC REGULATOR FOR PLUS OR MINUS 300 VOLTS 


Unless otherwise stated: 
Rinohms, 

RI3 C>linupuf, C<linuf, 
+ Lingh 


R! 6098/6AR6WA 


100 


Input volts Screen volts 
Output volts (minimum) (minimum) (minimin) 
Yo t ag 
300 (Note 1) 340 150 (Note 2) 4uf 


Maximum load current: 100 ma per series tube. 

R7,R8,R16,R19,R21,R22,R23: Wire-wound or other temperature stable type. Use equal wattage 
per ohm in each arm of reference divider. 

R19,R21,R23: +1% limits; R7,R8: +2% limits; R16,R22: +5% limits; R9,R11,R12,R18,R20: 

+10% limits; R1,R2,R3,R4,R5,R6,R10,R13,R14,R15,R17: +20% limits. (Note 3) 

C1: +10% limits; all other C: +20% limits. 
Norss: 

1. Ground one side of the regulated output. to obtain the desired polarity. For faggative 
outputs, the input voltage must be ungrounded. Posiive ;vpetT MUST MoT be GRovudled. 

2. Screen supply should be fused for 20 ma per series tube to prevent damage to the screen if 
the input voltage is off while the screen supply is on. If an unregulated screen supply is used, 
maximum ripple should be 1.0 volt rms. 

3. The performance specifications are based on component values which do not deviate from 
the nominal by more than the limits specified above. Thus the term “limits” includes the initial 
tolerance plus drifts caused by environmental changes or aging. 


5-2 Aug. 1, 1958 


PREFERRED CIRCUIT 5 5-3 
NAVAER 16-1-519 


PC 5 DC REGULATOR +300 VOLTS: 0.1% REGULATION 


1. APPLICATION 


This circuit has been designed for use in applica- 
tions requiring superior regulation and long time 
stability. The factors affecting output voltage 
stability with respect to temperature and time are 
the characteristics of the glow-discharge reference 
tube, the input-stage cathode-balance, and the 
reference-voltage divider. 


2. DESIGN CONSIDERATIONS 


2.1 Definition of Terms: See PC 1, Section 2.1. 


2.2 Series Tube: A 6098 pentode-connected 
series tube was chosen for use with this circuit 
because it requires less control grid voltage varia- 
tion to compensate for a given change in load 
current or line voltage as compared with a low-mu 
triode, and thereby allows considerable simplifica- 
tion of the associated control circuitry. This 
advantage more than makes up for the added 
complexity and increased power consumption of 
the screen-voltage supply. 

In the operation of the pentode-connected 
6098 series tube, under conditions of zero control- 
grid bias and 150v difference of potential between 
the screen and cathode, a maximum load current 
of 100ma will flow when the plate-cathode voltage 
is 35v. Under these conditions the screen will draw 
12.5ma. 

The separate screen supply will in general be 
regulated for negative output and unregulated for 
positive output, because there is usually a regu- 
lated 150v positive supply available in any unit 
using a negative 300v supply; however, a regu- 
lated, floating, 150v supply, or a regulated 450v 
supply is usually not present. The improvement 
in operation using regulated screen voltage is 
insufficient to warrant the addition of a regulated 
supply for that purpose alone. In the usual case, 
the screen current will not flow through the 
regulator load, and therefore the maximum cur- 
rent per series tube will be 100ma. This value is 
arrived at by allowing for maximum screen cur- 
rent consumption and 10% cathode current 
derating of the 6098. 


2.3 Amplifier Circuit: The regulator amplifier 


has two cascaded twin-triode stages (i. e., the 
plates of the input stage feed the grids of the 
output stage). The input stage, V5, is a balanced 
differential amplifier, while the output stage, V3, 
is a cathode-coupled differential amplifier.! A 
change in the de output voltage, F,, attenuated 
approximately by the ratio R23/(R23+R21), 
appears at the grid of V5B. The gas tube, V4, 
keeps the voltage at the grid of V5A approximate- 
ly constant. The effect of initial velocity and 
contact potential changes are reduced by a com- 
mon cathode resistor, R19. 

The balanced output of V5 is fed to the grids of 
V3. A single-ended output is taken from the plate 
of V3A and used to drive the control grids of V1 
and V2. 

Filter R17,C2 attenuates noise generated by 
gas tube V4 before it reaches the grid of V5A. 

Neglecting R22, the voltage change seen 
at the grid of V5B for slow changes in E, is 
R23/(R21+ R23) of the change in E,. For more 
rapid changes in E,, R21 is bypassed by C3 and 
the change seen at the grid of V5B is therefore 
equal to the full change in Z,. Since the voltage 
at the grid of V5A is held constant by V4, the 
differential voltage seen by the grids of V5 for 
rapid changes in output voltage is equal to the 
total change in output voltage. 

A series RC circuit (R9,C1) is connected 
between the plate and grid of V3A. This circuit 
provides negative feedback which reduces the 
gain of the output stage, thus decreasing the over- 
all loop gain, with a resulting increase in the out- 
put impedance of the regulator at frequencies 
higher than 500cps. However, in the vicinity of 
50ke, the feedback network produces a phase 
shift which prevents the regulator from becoming 
unstable and oscillating. 

The output capacitor, C4, acts as a low output 
impedance at frequencies above 60kc where the 
gain of the amplifier is too low to be effective. It 
also acts to decrease the signal fed to the amplifier 
so that phase shift present in the loop at these 
high frequencies cannnot cause oscillation. 

The cumulative effect of R9,C1, C3, and C4 is 
to produce an output impedance which decreases 
in magnitude from zero frequency to about 200cps 


1 George E. Valley, Jr. and Henry Wallman, ed., Vacuum Tube Amplifiers, Rad. Lab. Series, vol. 18, McGraw-Hill, 


1948, p. 441. 
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due to C3, increases in magnitude from 200eps to 
about 50ke, then is restricted from increasing in 
magnitude between 50ke and 70ke by R9, Cl, 
and decreases in magnitude between 70kc and 
150ke due to C4. At about 150kc, C4 is series 
resonant. Above this frequency the impedance is 
determined by lead inductance. 

The plates of the output amplifier tube, V3, are 
fed from a divider across the separate screen sup- 
ply. The screen supply is used because even when 
unregulated, it varies Jess than the input voltage, 
while the divider further reduces this variation 
and allows optimum setting of the plate supply 
voltage. 


2.4 Measured Performance: Impedance was 
measured in the same manner as described in 
section 2.5 of PC 1. Measurements taken with 
both regulated and unregulated screen supplies 
showed negligible differences. Typical results for 
full, half, and quarter maximum load currents are 
shown as solid lines in figure 5-1. All three of 
these curves were taken with a 4uf capacitor across 
the supply output. A fourth curve, shown dotted, 
was taken with a load of 175ma and an output 
capacitor of 8uf, to show the effect of increasing 
the output capacity. The value of 175ma was 


chosen to set the curve off from the 200ma curve 
discussed previously. The impedance is less than 
1 ohm under all the conditions shown in figure 5-1, 
and the lack of sharp peaks in the characteristic 
indicates stability against oscillation. 


A typical curve showing output voltage as a 
function of series tube plate-cathode voltage, 
when input voltage only is varied and screen and 
heater voltages are held constant, is shown by the 
solid line of figure 5-2. The variation of output 
voltage as a function of plate-cathode voltage 
when both screen and input voltage are varied 
is shown by the broken line of figure 5-2, while the 
variation of output voltage as a function of plate- 
cathode voltage when screen, input, and heater 
supplies are simultaneously varied is shown by 
the dotted line of figure 5-2. These latter two 
measurements were taken by connecting first the 
screen and input, and then the screen, input, and 
heater supplies to the output of a variable trans- 
former. The relation between AC line, screen, 
and plate-cathode voltages is shown in figure 
5-3 (page 5-5). The nominal line voltage was 
taken as 115v and variations were +10% about 
this value. Heater voltage as a function of plate- 
cathode voltage is not shown, as it is an essentially 
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PREFERRED CIRCUIT NO.5 E9=*300V 
STABILIZATION VS PLATE-—CATHODE VOLTAGE 


w= USING REGULATED SCREEN SUPPLY VOLTAGE 
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RELATION OF AC LINE VOLTAGE AND 


restrictions in performance specifications are on SCREEN VOLTAGE TO PLATE—CATHODE VOLTAGE 


the line rather than heater voltage. 


The over-all] conclusion to be drawn from the 
curves shown is that heater voltage variation is 
the prime offender in changing output voltage in 
PC 5. However, adding the effect of change in 
load current (which is 0.07v for a reduction in load 
current from full to quarter load), to the worst 
over-all variation shown, the change in output is 
less than 0.1% or 0.3v. 


£ line (volts) 
Esg (volts) 


The measured de resistance was approximately 
0.479. An input voltage ripple of 10v together 
with a screen-supply ripple of 1 volt results in an 
output ripple of less than 1 millivolt. 
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NBS PREFERRED CIRCUIT NO. 6 
7 KV CRT POWER SUPPLY 


Tl 
Unless otherwise stated: 
R in ohms; 
C>l inpepef, Cl in pf; 
Lin pth 


Components: 
CR1 and CR2: Six 1N588 silicon diodes connected in series. 
Tl: See figure 6-1. 
All R: +10% limits. (Note 2) 
ALL C: +20% limits. 
Operating Characteristics: 
Input voltage, H,: 300 volts de 41%. 
Output voltage, H,: 7 kv de. 
Ripple (peak to peak): 10 volts at 100 wa. (See figure 6-2) 
14 volts at 200 ya. 
Operating frequency: ~450 cps. 
Power requirements: 
Maximum input power: 18 ma at 300 volts for E,=7 kv, [,=200 ya. 


NotEs: 

1, Lead from inner end of secondary should be connected to the junction of C4 and C5 to 
keep the maximum voltage stress between the feedback and secondary windings to E,/2. 

2. The performance specifications are based on component values which do not deviate from 
the nominal by more than the limits specified above. Thus the term “limits” includes the initial 
tolerance plus drifts caused by environmental changes or aging. 
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PC 6 7 KV CRT POWER SUPPLY 


1. APPLICATION 


PC 6 has been designed to provide the high- 
voltage source for the screen grid and final 
anode of 5- to 12-inch cathode ray tubes. 


2. DESIGN CONSIDERATIONS 


2.1 Circuit Choice: A twin-triode tuned-plate 
oscillator with a high LC ratio was chosen 
for its general operating efficiency and its 
ability to continue operating with one triode 
section under many conditions of failure on the 
part of the other triode section. In addition, 
fewer resistors and capacitors are required for 
this circuit than for a single pentode performing 
the same function. (See Notes to the Pre- 
ferred Circuits Manual, section 14.) 

Further, it has been found that a sealed unit 
containing a universal transformer-rectifier fil- 
ter can be designed for use in either a vacuum 
tube or transistor de-to-de converter. This 
design is a potential contribution toward mini- 
mization of the logistic problem, since a single 
replacement unit could be produced for use 
with either type of circuit. 


2.2 Tube Choice: The 5670 twin triode was 
chosen because it is a military preferred tube 
type which satisfies the circuit requirements 
and appears frequently in associated circuits. 
Higher » tubes have too high a plate resistance 
and somewhat lower plate dissipation; lower u 
tubes require a greater number of feedback 
turns and do not have sufficiently low plate 
resistance to compensate for the increased grid 
drive at the power levels required for this circuit. 


2.3 High-Voltage Transformer: The core of the 
high-voltage transformer (fig. 6-1) is made of 
nickel-iron U laminations. This material has a 
square-loop hysteresis curve and a high perme- 
ability which permits a minimum of primary 
turns for a given input voltage and flux density. 
For winding ease, the U lamination has advan- 
tages over the wound toroidal construction. 
Also, the toroidal construction is difficult be- 
cause of the insulation requirements of the 
high-voltage winding. This insulation is more 
readily applied if layer-winding techniques are 
employed. 
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Figure 6—-1—Construction details of high- 
voltage transformer 


The transformer is so designed that it may 
be used either for tube or transistor operated 
supplies. The tube unit operates from a 300- 
volt supply, whereas the transistor unit will 
operate from a 25-volt supply. A voltage of 25 
volts was chosen as the one most likely to be- 
come a standard regulated voltage for transistor 
use. The next higher voltage likely to become 
standard is 50 volts, and this is too high to 
provide any safety margin, even for transistors 
with 100-volt peak inverse rating. 

No attempt has been made to optimize the 
size and weight of the transformer shown in 
figure 6-1. The choice of number of turns and 
physical core size was a compromise between 
ease of construction, size, and weight, as op- 
posed to power efficiency. If advanced con- 
struction techniques make possible a better 
transformer design, then the improved trans- 
former may be substituted without any circuit 
changes being required in PC 6. 

The primary is wound in twosections. The 
inner section contains the major portion of 
the primary and is layer wound. The second 
section contains the portion of the primary 
designed for use with transistors and is_ bifilar 
wound to reduce overshoots caused by leakage 
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inductance. The energy stored in the leakage 
inductance tends to dissipate via the off transis- 
tor, unless this energy can be closely coupled to 
a dissipative path through the transistor that is 
conducting. Bifilar winding provides this close 
coupling. The problem of leakage-induced re- 
verse emf is not as great in the case of tube 
oscillators, and the mitigating effect of the 
bifilar coupling is not as complete since the 
greater portion of the primary is not bifilar 
wound. The technique of using bitilar wind- 
ings in one section of the primary does decrease 
overshoots, however, and creates but a nominal 
insulation problem. Complete bifilar winding 
would create a greater insulation problem be- 
cause of the larger difference in potential be- 
tween the end turns. In the bifilar portion of 
the primary, larger wire is used for carrying the 
greater current in the lower voltage transistor 
case. 


2.4 Test Point: To allow measurement of the 
de output voltage without special equipment, 
such as high-voltage probes, etc., a tap is pro- 
vided on the high-voltage bleeder for connect- 
ing @ microammeter between the test point and 
ground. The resistance of the microammeter 
will be very small with respect to the 100,000- 
ohm portion of the bleeder resistor; therefore, 
such connection is physically equivalent to in- 
serting the microammeter in series with the 154 
MQ bleeder. Since the 154 MQ bleeder will not 
be made up of precision-resistors, the case con- 
taining transformer, rectifier, filter, and bleeder 
must have the number of microamperes cor- 
responding to 7 kv printed on it. This calibra- 
tion would take place in final test, and therefore 
the inscription on the case does not unduly 
complicate unit production. 


2.5 Screen Grid Voltage: A second tap on the 
high-voltage bleeder provides 400 volts for the 
screen grid of the cathode-ray tube. Alterna- 
tively, the screen grid may be fed from the 
regulated +300-volt supply. 


2.6 Theory of Operation: The oscillator oper- 
ates in a switching rather than in a sinusoidal 
mode. Vecchiacci ' has explained the operation 
of a single-ended oscillator of this type and has 
shown that such operation depends on the 
LC ratio in the plate circuit being much 


greater than R?, where RF is the resistance in 
series with the plate supply (this includes plate 
resistance of the tube when biased on). Pre- 
ferred Circuit 6 differs from the single-ended 
circuit described by Vecchiacci in that it is 
connected in push pull and makes use of the 
saturating characteristics of the square-loop 
core to initiate tube saturation and to determine 
the operating frequency. 

The operation of PC 6 is similar to that of 
the common transistor de to de converter. 
The transformer as specified, with a two section 
primary and a tapped feedback winding, can 
be used in a transistorized high-voltage supply. 
No change need be made in the rectifier filter 
or the output taps. 


2.7 Operation With One Triode Section Inop- 
erative: Under some conditions of failure of 
one triode section, PC 6 will continue to operate 
but with reduced output voltage. These failure 
conditions are deteriorated cathode and other 
effects tending to decrease transconductance or 
disconnect tube elements. Failure during a 
mission will cause increased indicator tube 
deflection, thus bringing the failure to the 
attention of the operator. The operator can 
usually bring the voltage up to normal by 
adjusting the variable resistor R2 in the 
oscillator place circuit, if time allows, or he 
can continue to operate with somewhat de- 
creased effectiveness if failure of a triode section 
occurs at a critical moment. 


2.8 Regulation: In general, the regulation of 
the supply (see fig. 6-2) will be sufficient for 
most uses with no additional circuitry. Should 
reduction of output resistance be desirable, 
regulators can be added in series with the de 
supply. For reduction of output ripple and 
output impetance, regulators can be added 
between the negative terminal of the high 
voltage and ground. The output voltage 
stability can be improved by the use of a 
regulator in the plate circuit of the oscillator, 
but such a regulator becomes rather complex 


1F, Vecchiacci, (in English) ‘Oscillations in the Cir- 
cuit of a Strongly Damped Triode,” Proc. IRE, Vol. 
18, No. 5, May 1931 (an incomplete translation); (in 
Italian) ‘Sul Funzionamento Oscillatoria Dei Circuiti,’’ 
Nuovo Ciempo, 1930, p. 172. 
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if stability better than the approximately +1% 
available from PC 6 is desired. 


3. MEASURED PERFORMANCE 


An oscillator type high-voltage power supply 
such as PC 6 has a bleeder resistor connected 
across the output as an integral part of the 
circuit. This resistor is usually encapsulated, 
along with the output filter capacitors and 
associated parts. 


3.1 Output Characteristics as a Function of 
Load Current: Electromagnetic cathode-ray 
tube final-anode currents, in general, average 
less than 100 wa. The curves for PC 6 (figs. 
6-2, 6-3, and 6-4) are plotted considerably 
beyond this point to demonstrate operating 
characteristics at extended current ranges. 

The relationship between output voltage and 
current is shown in figure 6-2. The change in 
output voltage for a change in load current of 
100 ya is less than 5%. 

The effect of changing tube parameters is 
shown in figure 6-3. It will be noted that the 
tubes used include types 2C51 and 6J6 in 
addition to the preferred type 5670. The 
5670’s available were so closely matched that 
no significant data were provided. The data 


Eo (KV) 


100 
I, (pea) 


obtained from the seventeen 5670’s_ tried 
would have given one thick line. As a con- 
sequence, tubes of other types were chosen 
to determine the effect of changing tube param- 
eters. The 2C51 is essentially a 6J6 with 
separate cathode leads, while the 5670 is the 
military preferred version of the 2C51. 

For the initial curve of figure 6-3, tube 2C51 
No. 2 was used; the variable resistor R2 in the 
+300-volt supply lead was set to the value 
necessary for an output voltage of°7000 volts 
with zero load current, and then output voltage 
versus load current was plotted. For the other 
curves, except the broken-line curve, the several 
tubes indicated were substituted without chang- 
ing the resistor R2. For the broken-line curve, 
the tube 6J6 No. 2 was left in the socket, R2 
adjusted for an output of 7 kv at zero load cur- 
rent, and the curve re-run. This particular 
tube was chosen because its output differed 
most from the initial voltage output. From 
this curve we see that the tube parameters have 
at most a second order effect on the output 
voltage versus load current characteristic. 

Figure 6-3 indicates the » to be the control- 
ling factor in the output voltage versus tube 
parameter relationship. One would expect this 
since the tube operates in a switching mode; 
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Figure 6—-2—Characteristics of PC 6 with both halves of twin triode operative 
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to make Eo = 7KV at zero load current] 
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Figure 6-3— Variation of output voltage as a function of tube parameters 


therefore, when the u is higher, the positive 
grid drive to the on triode is greater, and the 
forward resistance of the on triode is less. The 
minimum yu for the 5670WA, according to MIL- 
E-1/247, is 26. The curve for tube 6J6 No. 2, 
which has an average u of about 24.7, illustrates 
the lower limit of performance. The maximum 
value of » under MIL-E-1/247 is 44. The 
highest average value of u available for test was 
34.5. This is significantly less than the maxi- 
mum value, 44, of the tube specification. From 
an extrapolation of tube output versus pu of the 
tubes tested, it was determined that a tube with 
au of 44 would yield an output of 7150 volts. 
The rate of change of output voltage as a func- 
tion of u for a given output load increases as u 
decreases. This nonlinearity may be attributed 
to two effects, both of which result from in 
creasing the effective grid drive: (1) the non- 
linear change of the forward resistance of the 
triode when in the on position, and (2) the small 
reduction of total circuit resistance, Reransformer 
+R2-+R,, caused by the reduction of the on- 
tube forward resistance, R,. Increasing the yu 


of the tube effectively provides a greater posi- 
tive grid drive which tends to decrease the series 
resistance of the tube when in the on condition. 
However, increasing the effective series drive to 
the on-tube grid also tends to decrease the grid 
input resistance and thus to load the source of 
grid drive; this loading, in turn, somewhat ne- 
gates part of the effectiveness of the increased 
effective grid drive. Further, since R2 and 
Riransformer Temain constant, the relative effect 
of decreasing the plate resistance of the triode 
lessens. Thus a tube with a uw near the upper 
limit will increase the output voltage by 
approximately 2% when inserted in the socket 
prior to readjustment of the series resistor R2. 

Figure 6-4 shows the operating characteris- 
tics of the supply with one triode section of 
the twin triode inoperative. The data were 
obtained by first adjusting the circuit, with both 
triode sections operating, to have an output 
voltage of 7 kv when working into an open cir- 
cuit. (These were also the initial conditions 
used for obtaining the curves of figure 6-2.) 
The plate lead to one of the triode sections was 
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then disconnected and the test re-run. The 
data, therefore, represent the results obtained 
when one of the triode sections becomes in- 
operative due to causes such as reduced emis- 
sion, open cathode, open plate, etc. 


6.0 


40 


NOTE: Iu tS EXTERNAL LOAD CURRENT AND DOES 


too 


3.2 Output Characeristics as a Function of 
Heater Voltage: Tests made to determine the 
effect of heater voltage variation show no meas- 
urable change in output over the range of 6.3 
volts +10%. 
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Figure 6—4—Characteristics of PC 6 with one half of twin triode inoperative 
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DC REGULATOR FOR PLUS OR MINUS 250 VOLTS: 1% REGULATION 


NBS PREFERRED CIRCUIT NO. 7 
DC REGULATOR +250 VOLTS: 1% REGULATION 
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(For specifications, see next page.) 
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Components: 

C5 (minimum): 4 uf. 

R1i8,R19,R20: Wire-wound or other temperature stable type; use equal watts per ohm in each 

arm of the divider. 

R18,R20: +1% limits; R7,R8,R13,R14,R19: 45% limits; R4: 410% limits; all other R: 

+20% limits. (Note 1) 
All C: 420% limits. 
Operating characteristics: 
Input voltage, E;: 
Minimum 988 volts de. 300V 
Maximum 400 volts de at 10 ma minimum load per triode section; 430 volts dé at 25 ma 
minimum load per triode section. 
Output voltage, E,: +250 volts dc. (Note 2) 
Output current: 
Minimum 10 ma per triode section. 
Maximum 125 ma for single 6080WA triode section; 100 ma per triode section when two 
or more sections are paralleled. 

Output resistance, R,: ~0.332. 

Output impedance, Z,: <2@ from de to 100 ke. (See fig. 7-3.) 

Stabilization ratio, S: <(0.002. 

Ripple gain at 120 cps: ~1000. 

NortEs: 

1. The performance specifications are based on component values which do not deviate from 
the nominal by more than the limits specified above. Thus the term “‘limits’’ includes the initial 
tolerance plus drifts caused by environmental changes or aging. 

2. Ground one side of the regulated output to obtain the desired polarity. For negative out- 
put the input voltage must be ungrounded. posihie npet Te Rmwal must not 


be q Rovnded ’ 
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PC 7 DC REGULATOR +250 VOLTS: 1% REGULATION 


1. APPLICATION 


PC 7 is intended for use with an unregulated 
dc power source to provide ripple reduction, 
low output impedance, and stability against 
changes in input voltage and output load. 
The circuit was chosen to meet the many needs 
for a low impedance supply with a self-con- 
tained reference source which will provide 1% 
regulation. Regulation is used here to mean 
the constancy of the output voltage with line 
voltage and load changes; it does not include 
output voltage changes which are caused by 
aging of components or by changes in the 
environment in which the circuit operates. 
The limits placed on the component values on 
page 7-3 are those necessary to achieve 1% 
regulation in spite of combined line voltage 
and load changes within the range specified. 
The 250 volts is set initially by means of poten- 
tiometer R19. 

The stability of the circuit with time and 
with changes in environment is a function of 
the components within the circuit, principally 
the stability of the reference voltage provided 
by the gas tube, V3, and of the components in 
the divider which supplies the cathode of the 
input stage of the amplifier, V2B. The user 
must choose components for these circuits that 
will meet his stability requirements under the 
environmental and aging conditions that are 
expected in his application. 


2. DESIGN CONSIDERATIONS 


The circuit configuration, tube complement, 
and most component values of PC 7 are the 
same as those of PC 3A, the +300 volt dc regu- 
lator. Changes in six resistor values were 
required to obtain the lower output voltage 
and to recenter the operating range of the de 
amplifier, V2. 


2.1 Series Tube: The 6080WA and equivalents 
were chosen because of their low static plate 
resistance and +300 volt heater to cathode 
voltage rating. Cathode resistors are included 
to obtain self-bias which tends to equalize the 
plate currents when triode sections are can- 
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nected in parallel. The grid resistors are 
parasitic oscillation suppressors. 


2.2 Amplifier Circuit: The 5751 and electrical 
equivalents were chosen for the amplifier 
because of their recurrence in equipment 
design and their generally satisfactory perform- 
ance. The plate feed for the output section is 
taken from a voltage divider across the series 
tube to decrease the plate swing required of 
the output section of the amplifier tube, V2A. 

At conditions of low input voltage and high 
load current, the series tube requires very little 
negative bias; hence its grid voltage will prac- 
tically equal the cathode voltage. This would 
be impossible to accomplish if the output section 
of the amplifier tube, V2A, were fed from the 
regulated output. One alternative is to return 
the plate load resistor of V2A to the unregulated 
supply. With this arrangement, low series tube 
biases are easily obtained. At conditions of 
high input voltage and low load current, how- 
ever, the series tube must offer a high resistance 
and hence requires a high negative bias. Since 
the need for higher bias is accompanied by an 
increase in the plate supply voltage of V2A, a 
large plate voltage swing is required. With this 
arrangement it is difficult to design the ampli- 
fier, V2A, with a reasonable plate load resistance 
and at the same time prevent driving its grid 
positive under high input voltage, low load 
current conditions. 

The use of the divider across the series tube is 
a compromise between the better linearity of 
operation obtained at low input voltage and 
high load current when the unregulated input 
potential is used as the plate supply for thefinal 
amplifier, V2A, and the better gain and lower 
plate swing required under normal operating 
conditions when the regulated output voltage is 
used. 

The circuit is very sensitive to changes in the 
sampling divider, R18, R19, and R20. Re- 
sistors whose wattage ratings are very conserv- 
ative should be employed, and to insure that 
one resistor will not change in value relatively 
more than another, the wattages should be in 
the same ratio as the power dissipation. This 
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factor is one of the most critical aspects of 
regulator stability. The range of adjustment 
required in potentiometer R19 is determined by 
the tolerances of the components in the refer- 
ence circuit, principally the operating voltage of 
the reference tube, V3. This range is limited to 
the minimum which will permit setting the 
output voltage to 250 volts in the event that all 
tolerances add in the direction which causes 
maximum deviation. Even though this requires 
1% limits on the fixed resistors of the divider, it 
facilitates initial adjustment of the circuit and 
lessens the possibility of gross misadjustment. 
Capacitor C4 increases the loop gain at audio 
frequencies by coupling directly from the regu- 
lator output to the input of the comparing 
circuit. : 

The feedback network R4, C1 provides fre- 
quency selective negative feedback across the 
output stage of the regulator amplifier. This 
decreases the regulator high frequency output 
impedance at. the cost of increased mid-fre- 
quency impedance. Resistor R12 decreases 
output resistance and increases stabilization 
by feeding a portion of the input voltage change 
to the regulator-amplifier cathode. 


2.3 Reference Circuit: Although complete com- 
parison data are not available, the 5651WA 
and electrical equivalents appear to be the most 
stable glow discharge devices available. The 
5651WA is fed from the regulated output. 
The choice of current is a compromise between 
higher noise level at low currents and shortened 
life at high currents. The bypass capacitor and 
resistor network R16, C3 is designed to at- 
tenuate the transient noise spikes character- 
istic of glow discharge tubes. R15 is a parasitic 
oscillation suppressor. 


3. PERFORMANCE 


This section includes a definition of regulator 
circuit performance terms and information on 
the test methods used to obtain the performance 
characteristics. 


3.1 Definition of terms: 

(a) Stabilization Ratio—S: The ratio of the 
change in output voltage to the change in 
input voltage with constant load current. The 
inverse ratio, 1/S, is also used. 


(b) DC Output Resistance—R,: The ratio 
of the change in output voltage to the change 
in output current with the input voltage held 
constant. 

(c) Output Impedance—Z,: The ratio of 
the ac components of output voltage and cur- 
rent when the load is varied sinusoidally with 
the input voltage held constant. 

(d) Ripple Gain—e,/e, (120 cps): The ratio 

of the ac components of input voltage to out- 
put voltage at the ripple frequency. The fre- 
quency of 120 cps is selected as the lowest 
frequency usually encountered. 
3.2 Methods of Measurement: The test supply 
used for measurements on the dc regulator is 
shown in figure 7-1 accompanied by a curve 
showing its output impedance as a function of 
frequency. It isa simulated unregulated supply 
formed by adding series resistance and shunt 
capacitance to a standard laboratory regulated 
supply. This was done to prevent power source 
ripple from masking the output impedance 
measurements. Figure 7-2 shows the test 
set-up for deriving the impedance curves.? 
For ripple gain measurements, 120 cycle ripple 
may be inserted between the 10 uf capacitor 
and ground. 


400 


Mar TEST SUPPLY 
a 

E 

%& 200 TEST CONDITIONS 
= Eo = 300V 

N DC LOAD = !70ma 


AC LOAD= 10ma RMS 


10 100 1K 1OoK 1ooK 
FREQUENCY (cps) 


Figure 7-1.—Output impedance of test supply. 
The peak in the vicinity of 20 cps is caused by 
the resonance of the LC filter in the regulated 


supply 


1J. H. Hersey, ‘‘Dynamic Impedance of Regulated 
Power Supplies,” Bell Lab. Rec., vol. 27, June 1949, 
p. 216. 

2 “Standards on Television: Methods of Measure- 
ment of Electronically Regulated Power Supplies, 
1950,” Proce. IRE, vol. 39, Jan. 1951, p. 29. See par. 
3.5.2 and fig. 3. 
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AUDIO 
OSCILLATOR 


Figure 7-2.—Test circuit for measuring output 
impedance of a voltage regulator 


3.3 Measured Performance: In figure 7-38, 
typical impedance curves of the combined 
regulator and supply are shown as a function 
of load current. Since reduction of impedance 
is a function of the series tube transconductance, 
and transconductance is a function of tube cur- 
rent, the increase of effective impedance with de- 
crease in load current is expected. 


= 4)Lf OUTPUT CAPACITANCE 
------ = B4Lf OUTPUT CAPACITANCE 


TEST CONDITIONS 
Eo = 250V 
Ej = 340V 


AC TEST CURRENT « lOma RMS 


° 
Te) Lee] \K 


Typical curves showing output voltage as a 
function of input voltage are given in figure 7-4. 
The solid lines show the relationship when 
design center parameters are used in the circuit. 
The dotted lines show therelationship under min- 
imum. performance conditions resulting from the 
use of low mu series and amplifier tubes, and 
resistor values chosen within their allowable 
limits to give poor performance. Circuit per- 
formance could conceivably be poorer than that 
shown by the dotted lines; however, the chance 
of each parameter changing in such a direction 
as to cause poorer operation is very small. 

The dec resistance of the regulator was 
measured to be approximately 0.332. This 
remains essentially constant even under poor 
operating conditions, as may be verified by the 
constant distance between the curves of figure 
7-4. An input voltage ripple of 10v results in 
an output ripple of less than 10mv. ” 


1oK 100K 500K 


FREQUENCY (cps) 


Figure 7-3.—Output impedance as a function of frequency and de load 
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250.6 
LEGEND 
WITH DESIGN CENTER PARAMETERS 
wcoc-- UNDER MINIMUM PERFORMANCE CONDITIONS 
onDe (LOW MU SERIES TUBE, LOW MU AMPLIFIER TUBE, 
: RESISTOR VALUES CHOSEN WITHIN ALLOWABLE / 
LIMITS TO GIVE POOREST PERFORMANCE) / 
! 
i 1 
AE 06 i / 
NOTE: = 9 06 _ 
250.4 Ro= Ato ™ CONSTANT © = = 0.3332 / / 
/ 
AE / i 
a I j 
a == F= = 09 . 5000 (with cesiGn CENTER PARAMETERS) // / 
& S AEg 02 / 7 
8 100 # “ 
> 250.3 * G5 “500 (UNDER POOREST POSSIBLE z at 
a : CONDITIONS) ~ “7 
[v3) a ~ 
250.2 
250.1 
250.0 
270 290 310 330 350 370 390 410 430 450 
Ej, (VOLTS) 


Figure 7-4.—Output voltage versus input voltage as a function of load current 
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NBS PREFERRED CIRCUIT NO. 8 
DC REGULATOR FOR PLUS OR MINUS 250 VOLTS: 0.1% REGULATION 


475971 0-59 - 3 


NBS PREFERRED CIRCUIT NO. 8 
DC REGULATOR +250 VOLTS: 0.1% REGULATION 


(NOTE 2) 


Vi 
6098/ Unless otherwise stated: 
GARGWA RIS |. R in ohms, 
C>linppt; C<linpt; 
Lin pth 


¥ CONNECTION FOR ALL HEATERS 
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Components: 
C4 (minimum): 4 pf 
R6,R9,R16,R19,R21,R22,R23: Wire-wound or other temperature stable type. Use equal 
watts per ohm in each arm of the reference divider. 
R19,R21,R23: +1% limits; R6 R9: +2% limits; R16,R22: +5% limits; R3,R11,R12,R13, 
R14,R18,R20: +10% limits; all other R: +20% limits. (Note 1.) 
Cl: +10% limits; all other C: +20% limits. 


Operating characteristics: 
Input voltage, Z;: Minimum 290 volts de. 
Screen voltage, E,,: Minimum 150 volts de. (Note 2.) 
Maximum 200 volts de. 
Output voltage, Z,: +250 volts dc. (Note 3) 
Output current: Minimum 10 ma per series tube. 
Maximum 100 ma per series tube. 
Output resistance, Rj: ~0.220. 
Output impedance, Z,: <1 from de to 100 ke. (See figure 8-1.) 
Stabilization ratio, S: <0.0013. 
Ripple gain at 120 cps: >10,000. 


Notss: 

1. The performance specifications are based on component values which do not deviate from 
the nominal by more than the limits specified above. Thus, the term “limits” includes the initial 
tolerance plus drifts caused by environmental changes or aging. 

2. The screen voltage is measured with respect to the 250 volt regulated output. The screen 
supply must be capable of delivering 12.5 ma per series tube and should be fused at 20 ma per series 
tube to prevent damage to the screen if the input voltage is off while the screen supply is on. If an 
unregulated supply is used, maximum permissible ripple is 1 volt rms. 

3. Ground one side of the regulated output to obtain the desired polaritv. For negative 
outputs the input voltage must be ungrounded. The pes itive in pot Ve twine weet. 


pole be Qeoowded 
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PC 8 DC REGULATOR +250 VOLTS: 0.1% REGULATION 


1. APPLICATION 


PC 8 is designed for use in applications re- 
quiring better regulation and stability than can 
be obtained from PC 7. Regulation is used 
here to mean the constancy of the output volt- 
age with line voltage and load changes; it does 
not include output voltage changes which are 
caused by aging of components or by changes 
in the environment in which the circuit operates. 
The limits placed on the component values on 
page 8--3 are those necessary to achieve 0.1% 
regulation in spite of combined line voltage 
and load changes within the range specified. 

The stability of the circuit with time and with 
changes in environment is a function of the 
components within the reference and compari- 
son circuits. The user must choose compo- 
nents that are stable enough to meet his re- 
quirements under the environmental and aging 
conditions that are expected in his application. 


2. DESIGN CONSIDERATIONS 


The circuit configuration, tube complement, 
and most component values of PC 8 are the 
same as those of PC 5, the +300 volt dc regu- 
lator. Changes in six resistor values were re- 
quired to obtain the lower output voltage and 
to recenter the operating range of the amplifier 
stages. 


2.1 Series Tube: A pentode-connected 6098/ 
6AR6WA* was chosen as the series tube for 
this circuit because, compared with a low-mu 
triode, it requires less control grid voltage 
variation to compensate for a given change in 
load current or line voltage, and thereby allows 
considerable simplification in the amplifier 
circuit. This advantage more than makes up 
for the added complexity and increased power 
consumption of the screen-voltage supply. 
The improvement in operation obtained by 
use of a regulated screen voltage is insufficient 
to warrant the addition of a regulated supply 
for that purpose alone. If an unregulated 
screen supply is used, its voltage with respect 
to the regulated 250 volts must remain within 


*The 6098/6AR6WA appears in MIL-STD-200D, 
Navy Supplement-1A, 15 September, 1958. 
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the 150 to 200 volt range specified, and its 
maximum ripple should be one volt rms. For 
a positive 250-volt supply, a floating screen 
supply may be used if a supply voltage of 400 
to 450 volts with respect to ground is not avail- 
able. A maximum screen current of 12.5 mu 
per series tube is required to assure proper 
operation when the series tube is passing maxi- 
mum load current. 


2.2 Amplifier Circuit: The regulator amplifier 
consists of a balanced differential amplifier 
input stage, V5, cascaded with a cathode- 
coupled differential amplifer, V3, used as the 
output stage.! Changes in the regulated out- 
put voltage, ZH), appear at one of the grids of 
the input stage, while the voltage at the other 
grid is held approximately constant by the gas 
tube, V4. The effects of changes in the initial 
velocity and in contact potential are reduced 
by the common cathode resistor, R19. The 
filter R17,C2 attenuates noise generated by the 
gas tube before it reaches the grid of V5A. 

The balanced output of V5 is fed to the grids 
of V3, and the single-ended output, taken from 
the plate of V3A, is used to drive the control 
grids of the series tubes, Vi and V2. The 
plates of the output stage, V3, are fed from the 
separate screen supply because, even when it is 
unregulated, the screen supply voltage varies 
less than either the input voltage or the plate- 
cathode voltage of the series tube. A divider 
is used to obtain optimum voltage for the plate 
supply. 

Neglecting R22, the voltage change seen at 
the grid of V5B for slow changes in E, is R23/ 
(R21+R23) of the change in Z,. For more 
rapid changes in E,, R21 is bypassed by C3 and 
the change seen at the grid of V5B is therefore 
equal to the full change in E,. Since the volt- 
age at the grid of V5A is held constant by V4, 
the differential voltage seen by the grids of V5 
for rapid changes in output voltage is equal to 
the total change in output voltage. 

Potentiometer R22 is required to adjust the 
output voltage to 250 volts. It is needed prin- 

1 George E. Valley, Jr., and Henry Wallman, ed., 


Vacuum Tube Amplifiers, Rad. Lab. Series, vol. 18, 
McGraw-Hill, N. Y., N. Y., 1948, p. 441. 
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cipally because of the range of operating volt- 
ages permitted in the reference tube, V4; some 
additional range is required to cover the toler- 
ances of the other components in the reference 
and comparison circuits. One percent limits 
are placed on the fixed resistors in the divider 
and on the cathode resistor of the input stage, 
and the range of the adjustment of R22 is de- 
liberately limited to permit easy adjustment of 
the output voltage to within 0.1 percent of 
250 volts. 

A series RC circuit (R3, C1) is connected be- 
tween the plate and grid of V3A. This circuit 
provides negative feedback which reduces the 
gain of the output stage, thus decreasing the 
over-all loop gain, with a resulting increase in 
the output impedance of the regulator at fre- 
quencies higher than 500 eps. In the vicinity 
of 50 KC, however, the feedback network pro- 
duces a phase shift which prevents the regulator 
from becoming unstable and oscillating. 

The output capacitor, C4, acts as a low out- 
put impedance at frequencies above 60 KC 
where the gain of the amplifier is too low to be 
effective. It also acts to decrease the signal fed 
to the amplifier so that phase shift present in 
the loop at these high frequencies cannot cause 
oscillation. 


3. PERFORMANCE 


For a definition of performance terms and in- 
formation on the test methods used to obtain 
the measured performance, see PC 7, sections 
3.1 and 3.2. 

Typical impedance curves for the regulator 
are shown as a function of load current in figure 
8-1. Measurements taken with both regulated 
and unregulated screen supplies showed negli- 
gible differences. The data for these curves 


were taken using 90 volts from series tube plate 
to cathode and 150 volts from screen to cathode, 
with one exception. Since high screen voltages 
cause an increase in impedance at low load cur- 
rents, data were taken using 200 volts from 
screen to cathode at a load current of 20 ma to 
obtain the maximum impedance curve. The 
impedance is less than 1 ohm under all the con- 
ditions shown in the figure, and the lack of 
sharp peaks in the characteristic indicates 
stability against oscillation. 

Typical curves showing output voltage as a 
function of input voltage, load current, and line 
voltage are given in ngure 8-2. As indicated 
by the solid lines, the output voltage does not 
change more than 0.05 volts (0.02%) in spite of 
load changes from 200 to 20 ma and input volt- 
age changes from 290 to 470 volts, if the screen 
and heater supplies are regulated. The dotted 
lines show the performance when unregulated 
screen and heater supply voltages are used. For 
these measurements a +10% change in line 
voltage is simulated by varying input, screen, 
and heater voltages +10%. The center values, 
indicated by the plotted point, P, on each curve, 
are chosen to obtain operation near the limits 
specified for the circuit. Under these condi- 
tions, a change in load is accompanied by both 
a change in input voltage due to the resistance 
of the unregulated supply and a change in 
screen voltage because of the changing screen 
current requirements. Using a 5000 supply for 
the input and a 1300 unregulated supply for 
the screen, the regulation was still better than 
the 0.1% specitied for the circuit. 

The de resistance of the regulator was meas- 
ured to be approximately 0.229. yYAn input 
voltage ripple of 1 volt results in an output 
ripple of Jess than 1 millivolt. 


Aw ivpeT Ripple of (ov TogeTher with A Screew Supply 


Rippic of 
Thaw jo mbhpetT 


Io V Resvlts m aw ocTpsT Ripple of Less 
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10 
LEGEND 
[e) = 44f OUTPUT CAPACITANCE 200) 
----- = 8 {Lf OUTPUT CAPACITANCE a ses" 


TEST CONDITIONS 


o7 Eo = 250V 
Ej) = 340v 
06 Esg = 15OV 


AC TEST CURRENT =!Oma RMS 


Zo (Q) 


° 
to 100 Kk toK 100K SOOK 
FREQUENCY (cps) 


Figure 8-1.—Output impedance as a function of frequency and de load 
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Figure 8-2.—Effects of load variations and screen and heater supply voltage changes on output voltage 
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NBS PREFERRED CIRCUIT NO. 20 
VIDEO DETECTOR 


INPUT FROM 
i-f AMPLIFIER 


UNLESS OTHERWISE STATED: Rin OHMS, C>/ Input, C< IN pf; 
Lin ph 


This circuit is used to demodulate pulsed i-f signals. 
Typical associated circuit is limiter, PC 21. 
Video signal data: 


Input Output 
WeVeLOE M22 ae ee ot tn eal epee Sos Dacha ee i-f pulses Rectified negative 
20-70mce. pulses. 
Operating level” oso: Soc detcaceak eos sous nee onan bac OGY nomial: 


Fall Time: 0.07usec. 
R1,R2: +10% limits. AllC: +10% limits. 


Notes: 
1. The shunt capacity of the following stage is assumed to be about l4upf. 
2. 11 wound to be self-resonant at i-f frequency. 
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PC 20 VIDEO DETECTOR 
1. APPLICATION 


The function of this circuit is to demodulate 
intermediate-frequency amplified signals. It is 
located at the output of the last i-f stage. 


2. DESIGN CONSIDERATIONS 


Figure 20-1 shows the operating characteristic 
of the detector. Design details are individually 
discussed. The input is noise plus signals. The 
diode is connected for an output of negative 
pulses. 

The 0.6v nominal operating level results in a 
1 volt output from the cathode follower, PC 22. 
The cathode follower is driven by a 5654 limiter 
which requires a negative input signal. The 
limiter is driven in turn by the detector. The 
range of detector output is given by the curve 
where the linear range extends from about 0.2v 


RECTIFIED OUTPUT VOLTAGE 


i-f INPUT VOLTAGE 
Fig. 20-1 DETECTOR CHARACTERISTIC 


to over 4v. Limiting is obtained with between 
—2 and —38v input. 

The fall time with compensating circuit is 
0.066usec. 1 2 Without compensation the fall time 
is 0.136usec. Allowance is made for FTC circuit 


‘capacity. Approximate capacities are 


put 

5726 and wiring______..__.---.------------------- 4 
5654 input... 2222.2 ces case ee rescence tees eee ss 5 
WINING se se Socal 2 be oe ee cae 5 
BUG relay .22 5 sca ushccue sete asec + Jo 5 echo e 4 
i-f capacitor, Clo: 22-22 see seis ssseh es oS eet se sece 10 
28 


Fall time = 2.2 RC = 2.2 K 2.2 X 103 & 28 X 
10-12 = 0.136usec. 


If the compensation shown is used, the advantage 
over the uncompensated circuit is 2.06. The 
resulting fall time is 0.066usec with 3% overshoot. 
The compensating circuit calculation is 

Input and output capacities = 14yyf each. 

R2 = 2.2Ka. 

Rl = 2 X R2 = 4.4Ka, 


Li = (R)?C. 
Ll = (2,200)? k 14 X 10-2 = 68uh 
70zh. 


L2 = L1/2 = 35uh. 


18. N. Van Voorhis, ed., Microwave Receivers, Rad. Lab. Series, vol. 23, McGraw-Hill, 1948, p. 192. 
2 George E. Valley, Jr. and Henry Wallman, ed., Vacuum Tube Amplifiers, Rad. Lab. Series, vol. 18, McGraw-Hill, 


1948, p. 76. 
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NBS PREFERRED CIRCUIT NO. 21 
VIDEO LIMITER 


UNLESS OTHERWISE STATED: + 150V 
RIN OHMS; 

C>liIn pyf; C<l inpf; 
L in ph. 


OUTPUT 


This circuit is used to amplify and limit low level video signals. This limiter is usually located between 
the video detector and the low level cathode follower, PC 22. 
Video signal data: ! 


Input Output 
Waveform ___......----------------------------- Negative pulse-__--- Positive pulse. 
Opernting level “.0-viole le i ene Oe e Ss 0.6v__...-__------- 2.2v. 
Limiting lével: o.cc2-02s2o5.002.2 opcode ended esa o ste eS S8E 4,2v. 


Rise time: 0.035usec. 2 
Droop: 3.5% for 500usec pulse. * 


Tolerance: The variation of limiting level is +30% for the MIL specification limits of tubes and 


+5% resistors. 
R2,R3: +5%; Rl: +20% limits. AllC: 2+20% limits. 
NoreEs: 

1. The operating levels are selected to permit cathode follower output to be 1 volt operating and 
2v limiting. 

2. This assumes that the total average capacity is 16ypf including output, wiring, and cathode 
follower input capacity. - 

3. For Cl = 0.0luf, C2 = 0.1pf, droop = 3.5% for 100ysec pulse. 
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PC 21 VIDEO LIMITER 
1. APPLICATION 


This circuit is used to amplify and limit low 
level video signals. This limiter is usually located 
between the video detector and the low level 
cathode follower, PC 22. 


2. DESIGN CONSIDERATIONS 


The main characteristics desired in a video 
limiter are linear amplification, a definite limiting 
level, small variation with different tubes, fast rise 
time, and little droop. These characteristics are 
discussed as applied to this limiter. This circuit is 
suitable for only low duty-cycle signals. 
limiting level rises with increasing duty cycle. For 
constant limit level, a circuit with stabilized screen 
voltage is necessary. 

The operation of this type of limiter depends 
upon a negative input signal driving the plate 
current to cutoff. The limiting level is easily 
measured, being the voltage across the load 
resistor with no input. The desired limiting level 
in this circuit is obtained by adjusting the screen 
resistor. 1 

The operating level should be about one-half 
of the limiting level. The limiting level is adjusted 
so that the cathode follower stage immediately 
following has a 2v output. The limiting level is 
4,2v. An operating level of 2.2v results in a cathode 
follower output of 1 volt. The input to the limiter 
for this operating level is —0.6v. The linearity of 
the limiter is shown in figure 21-1. 


LIMITING LEVEL 


5654 
Ebb = I5OV 


LIMITER OUTPUT VOLTAGE 


-35 -3 -2.5 -2 -15 1 =5 oO 
INPUT VOLTAGE 


Fig.21-1| VIDEO LIMITER CHARACTERISTICS 


The . 


The variation of limiter operation with tube 
substitution is considerable, as shown by figure 
21-2. The limiting level is plotted as a function of 
gm. The spread in the points of this curve would 
be greatly reduced if the plate-to-screen current 
ratio were plotted instead of g,,; however, this 
ratio is not a specified characteristic. The MIL 
limits of the 5654 are from 3500 to 6500umhos, or 
5000umhos +30%. Changing of tubes has an 
appreciable effect because of these wide limits. 
The screen resistor R3 stabilizes the limiting level 
by degenerative feedback as opposed to fixed 
screen voltage. The percentage variation of limit 
level is +22% for the MIL range of tubes. Since 
the tubes available were in the lower half of the gn 
range, the data were extrapolated for the upper 
half. The graph shows the limiting level is higher 
than 4.2v. Since resistor selection is confined to 
20% step values, the nearest value for R3 is 82Kaq, 


wa 

a 

5 

s |_____ ——_—_| 
MIL LIMIT 

53 

a 

e 

> 

2 5654 (24) 

a2 

ra Ebb = !50V 

= Ri = Ika 

a Rsg = 82kKQ 


Rg = IMQ 


° 
3000 3500 4000 4500 5000 5500 6000 6500 7000 


TRANSCONOUCTANGE (gm) yxamhos 


Fig. 2I-2 VARIATION LIMITING LEVEL WITH TRANSCONDUCTANCE 


resulting in a limit level of 4.6v. The 4.2v level is 
the input to the cathode follower for 2v output. 

Rise time was computed for the limiter using 
the relation 

t, = 2.2RC 

R is the plate load resistor (1Ka) and C is the 
total capacity including the 5654 plate, 5670 input, 
socket, and wiring capacities. 


1 George E. Valley, Jr. and Henry Wallman, ed., Vacuum Tube Amplifiers, Rad. Lab. Series, vol. 18, McGraw-Hill, 


1948, p. 86. 
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The output capacity of 5654 is 3.2uyf, maxi- 
mum. 


The input capacity of 5670 is for 2 sections: 
Co 
1 + Im R. 


C’,» = 1.6uuf maximum 1 section 


Ci = Cy + 


C’. = 2.7upf maximum 1 section 


2X 2.7 
1 + (10,000 x 10-6 x 100) 


Cin = 3.2 + 2.7 = 5.9upf 


Total capacity: 


wef 
5654 output__.-.--------------------- 3.25 
5670, 2 sections__-.---..-------------- 5.9 
Sockets_.....-.--------------+------- 2.0 
Witing 5224-22 3scesedntee kt el tees 5.0 
16.15 


Therefore 
t, = 2.2 <* 103 x 16.15 K 10 -# 


t, = 0.035usec 


Droop is a function of plate-to-grid coupling 
circuits and screen decoupling circuits. For small 
values of droop, the over-all value of droop can 
be obtained by taking the sum of values for 
individual circuits. 


Input coupling: Element values 0.05uf, 1Ma. 
RC = 106 X0.05 K 10-§ = 
50,000usec. 
For 2500usec pulse: Droop = 500/50,000 = 1%. 
Sereen circuit: Element values: 0.5uf, 40Ko 
(equivalent screen resistance). 
RC = 40108 X 0.5 x 10-6 


= 20,000usec. 
500 
Droop = = 2.5%. 
P* 20,000 Ze. 


Total droop = 3.5%. 

For values of Cl = 0.1uf and C2 = 0.1uf, the 
results are 3.5% droop for a 100ysec pulse. 

For variation of the plate resistor, the change is 
directly proportional to the variation of the resist- 
ance, e. g., +5%. For variation of screen resistor 
the change is +3% for a +5% resistor. 

The total tolerance is 


Pereent 

Tube variation____---------------------------- +22 
Plate resistor.....-.--------------------------- 5 
Screen resistor___-...----.--------------------- 3 
£30 


The limit level variation due to voltage varia- 
tion is not included in the tolerance. The limit 
level changes +7% with a change of +10% in 
filament voltage. When the plate supply voltage 
is changed +5%, the limit level changes +6%. 
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NBS PREFERRED CIRCUIT NO. 22 
LOW-LEVEL CATHODE FOLLOWER 


UNLESS OTHERWISE STATED: 


R4 R IN OHMS, 
470 C>l in wef; C<I in pf; 
o———_ Lin ph. 


100 


LINE TERMINATION 


This circuit is used to match a low-level video source, such as the limiter PC 21, to a low impedance line. 
Video signal data: ! 


Input Output 
Waveform___.-..--------------- Positive pulses_._.._______.._____- Positive pulses. 
Operating level___.-____--------- QOV oan ses ewe tae olen ev aze 1.0v. 
Maximum output level_____...._- BDV A Lint ho ite Lie eels ak 2.0v. 


Droop: 1% for 500usec pulse. 2 
Tolerance: The variation of maximum output level is +12% for MIL specification limits of tubes 
and +5% resistors. 
R2,R3: +10%; R1,R4,R5: +20% limits. AllC: 1+10% limits. 
Notes: 
1. Levels are selected for use with limiter PC 21. 
2. For Cl = 0.01uf, droop = 1% for 100usec pulse. 
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PC 22 LOW-LEVEL CATHODE FOLLOWER 


1, APPLICATION 


The purpose of this circuit is to match the out- 
put of a low-level video stage to a low-impedance 
transmission line. 


2. DESIGN CONSIDERATIONS 


A positive input signal gives a positive output 
pulse. . 

The design is based on a normal operating level 
of 1 volt and a maximum level of 2v. The 2v level 
results from full limiting operation of the preced- 
ing limiter stage. The 2v level approaches the 
grid-current region of the tube and comes near the 
maximum that can be obtained with this type of 
tube. 

The gain is about 0.5. 


fee Im Ri 
(gm Ri + 1) 


_ 10,000 < 100 x 10-6 
10,000 x 100 x 10-§ 4+ 1 


The cathode-follower characteristic is given in 
figure 22-1 which shows an average for 24 tubes 
covering a transconductance range of 5000 to 
6000umhos. The MIL range is 5500umhos +18%. 

The output impedance of the cathode follower 
is 1009. 


= 0.5 


1 
Jm 


Z,= = 100° 


5670, 2 Sections (24) 
Ebb = 150V 
Rk = 1002 


CATHODE VOLTAGE 


-4 -3 -2 -l ° +1 +2 
INPUT VOLTAGE 


Fig. 22-| CATHODE FOLLOWER CHARACTERISTIC 


The droop is a function of the input coupling 
circuit (see PC 21). The droop is 1% for a 
500usec pulse. 


The gain variation due to tube and resistor 
variations allowable by MIL specifications is 
+2%. The average g» of one section of the 5670 
is 5500umhos. The variation of output level due 
to permissible variation of tubes alone is +9%. 
The variation due to cathode resistors alone is 
+2.5% for 5% resistors. Therefore the total 
variation is +11.5%. 
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NBS PREFERRED CIRCUIT NO. 23 
VIDEO MIXER: COMMON-CATHODE TYPE 


Unless otherwise stated: 
5670 +150V R in ohms; 
Col inxzyf; C<linyf; 
Linpwh 


OUTPUT 


INPUT I INPUT 2 


A video mixer is used to combine various forms of information such as radar video and range markers. 
Inputs 1 and 2: Positive. 
Gain: (as a cathode follower) 0.75. 
Output: Positive. 
Additive factor:! 20% for 4v inputs. 
Rise time: 0.05usec (with 50uuf output capacity). 
Output Impedance: 5000. 
Droop: 2% for 500usec pulse. For input, RC time constants are noted above. 
Two additional 2C51 sections may be paralleled with little change in operating characteristics, thus 
providing four inputs. 
R3: +10%; R1,R2: +20% limits. ANC: +10% limits. 
Note: 
Output for inputs Output for 
in coincidence —_ highest input. 


1. Additive factor in % = 100 
Output for lowest input 
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PC 23 VIDEO MIXER: COMMON-CATHODE TYPE 


1. APPLICATION 


The primary function of this mixer is to combine 
various video signals and pulses. The common- 
cathode video mixer offers the feature of nonaddi- 
tive mixing. Assume, for example, that a radar 
target pulse is time-coincident with a range 
marker. If the mixer combined the two pieces of 
information in an algebraic manner, the resultant 
signal could cause overloading in the video chain 
and “blooming” of the target blip at the indicator. 
To avoid this, the mixer should combine time- 
coincident inputs so that only the input with 
higher level appears at the output. This type of 
combination is nonadditive mixing. 

This nonadditive feature of the common-cath- 
ode mixer is obtained by cross-biasing at the cath- 
ode by coincident positive input signals. In the 


Tasie 23-1—Video Mixer: Common Cathode Type 


2C51 
Eo, = +150v 
Output 
Output (for either input) (for inputs in Input 1 Input 2 
coincidence) 
Volts Volts Volts Volts 
Cathode Resistor—47000 
0.22235 Ss5552 20528 0.35 0.38 0.45 
PiQse 2c leevene ed 1.5 1.6 1.8 
CLO Do Sele 3.6 4.1 4.0 
10.02 coe ee 11.0 14.0 13.0 
Cathode Resistor—470Q 
O22. e2.csh et eS 0.37 0.48 0.49 
V0.2 oi seco see 1.5 2.0 1.9 
| eee ae 3.9 4.9 4.9 
10;02222 Sete bcos 12.0 16.0 14.0 
Cathode Resistor—150Q2 
Os 22 22S oa ee 0.38 0.59 0.62 
TQn ee oe 1.0 2.5 2.4 
3.05scoce- pesca se 4.3 8.0 6.0 


NOTE: The voltage levels of inputs 1 and 2 were chosen to produce 
identical output levels. Any discrepancy between the input 
levels can be attributed either to tube unbalance or the effect 
produced by unequal duty cycle. Input 1 was a 180ysec 
pulse, input 2 a 10ysec pulse. 


strict sense, some adding is always present in the 
described circuit. The extent of this adding is pri- 


‘marily a function of the cathode resistor and the 


signal level. The amount of adding that is 
tolerable is determined by the type of information 
to be combined and the composition of the video 
chain. 


2. DESIGN CONSIDERATIONS 

Table 23-1 is a tabulation of operating data 
comparing the performance of PC 23 with that 
obtainable with different values of cathode resist- 
ance. The input levels in each case were adjusted 
in steps, keeping the output range unchanged. 
Input 1 was a 180usec positive pulse; input 2, a 
10usec positive pulse. Both pulses were at 400pps. 
The choice of two widely different pulse lengths 
shows the effect of duty cycle. Negative signals 
can be combined by common-cathode mixers only 
at very low levels since cutoff is quickly reached. 

Figure 23-1 displays the gain characteristic and 
linearity of the circuit for the three values of 


20 


a 


Tube 5670 
10 psec pulses at 400 pps 


6 


POSITIVE PULSE OUTPUT (VOLTS) 
@ 


» 


8 16 


12 


20 


POSITIVE PULSE INPUT ( VOLTS) 
Fig. 23~| COMMON-CATHODE MIXER 


cathode resistance. This figure shows that the 
selected value of 47000 for the cathode resistance 
offers the ‘widest range of linearity. This 47000 
value is the effective value of cathode load resist- 
ance, provided the cable connection across the 
resistor is short and not terminated. If the mixer 
is required to drive a long low-impedance cable, it 
is necessary to terminate the cable in a low value of 
resistance approaching the cable impedance. This 
resistance lowers the effective value of the cathode 
load resistance and limits the output of the mixer. 
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The operating characteristics with 1002 shunting 
the original 47002 would be somewhat similar to 
the data for 1502 shown in table 23-1 and figure 
23-1. The additive factor increases for lower 
values of cathode resistance, since the gain of the 
stage drops and there is less cross-biasing of the 
combined signals at the cathode. It is highly 
desirable to insert an additional cathode follower 
stage if the line impedance is low and a low value of 
additive function is required. 

Table 23-2 is a tabulation of data for four 5670 
sections in parallel for application where more 
than two inputs are to be combined. Comparing 
this data with the information in table 23-1, it 
appears that the circuit operation remains essenti- 
ally the same. Paralleling additional cathode 
sections in order to provide for more inputs should 
cause an increase in output capacitance. The rise- 
time figure for short duration pulses does not 
suffer in proportion. An over-all increase of trans- 
conductance by the additional sections seems to 


offset the rise in capacitance by lowering the input- 


impedance. 


TABLE 23-2—Video Mixer: Common Cathode Type 
2C51—Four Sections With Common Cathode 


Ey, = +150v 
Output 
Output (for either input)! (for inputs in Input 1 Input 2 
coincidence) 
Volts Volts Volts Volts 
Cathode Resistor—47002 
0:2: Fs eee SS 0.36 0.66 0.58 
i I | ERS ae ee ener 1.4 2.0 1.8 
iE | ee ee eet 3.6 4.8 4.2 
10, 0220--2.225552- 11.0 12.0 12.0 
Cathode Resistor—4702 
A ee oa 0.37 0.80 0.79 
SOs eee 1.5 2.2 2.2 
8 ,.0esc tos shee cose 4.0 5.6 5.5 
10:00 222 seh eee 12.0 47.0 15.0 
Cathode Resistor—1502 
| Ry ee a ee 0.37 1.0 0.98 
10: sasec veces 1.7 3.7 3.5 
6k | Ee 4.3 47.0 7.8 


NOTE: Refer to note on table 23-1. 
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NBS PREFERRED CIRCUIT NO. 24 
VIDEO MIXER: COMMON-PLATE TYPE 


OUTPUT 


Unless otherwise stated: 
Rin ohms; 

C>linpupf, C<I inpf, 
L in zh 


INPUT | INPUT 2 


A video mixer is used to combine various forms of information such as radar video and range markers. 


Video data Input 1 Input 2 Output (for either input) Output (for inputs in coincidence) 
Polarity .._... Positive__ Positive.. Negative....______.. Negative. 
Level __..----_ 3.5v____- 3.5v____- 4.0v__.-.--_____---. 6.2v. 


Gain: approximately 1. 
Additive factor:! 55% at level given above. 
Droop: 2% for 500usec pulse for given input RC constants. 
Rise time: approximately 0.03usec (with 15uuf at load). 
Two additional 2C51 sections may be paralleled with little change in operating characteristic, thus 
providing four inputs. This requires changing the cathode resistor R4 to 1000. 
R3,R4: 410%; R1,R2: +20% limits. AllC: +10% limits. 
Note: 
1. See PC 23 for additive factor equation. 
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PC 24 VIDEO MIXER: COMMON-PLATE TYPE 


1. APPLICATION 


The primary function of a video mixer is to 
combine various video signals and pulses. 


2. DESIGN CONSIDERATIONS 


There are two significant differences between 

the operation of PC 23 and PC 24. The common- 
cathode circuit, PC 23, has a positive output for 
positive input; the common-plate mixer, PC 24, 
inverts the phase and delivers a negative output. 
The other consideration is the additive factor. 
Signals that appear in time coincidence at the 
input tend to combine in an additive manner in 
the case of the common-plate mixer. Consequent- 
ly this type cannot prevent overloading of sub- 
sequent video amplifiers by coincident signals. 
Overloading can only be avoided by means of 
limiting action in a following stage. The limiting 
level can be set for the highest level of one input. 
Any further addition of signal will then result in 
clipping. 
_PC 24 has a gain of 1. A higher gain can be 
achieved with a common-plate mixer, with certain 
limitations. The primary function of a mixer is to 
combine signals in a proper manner and to pre- 
serve the rise-time fidelity of short-duration 
pulses. The gain was of secondary importance in 
the selection of the preferred circuit. This circuit 
requires no high-frequency compensation in the 
form of a plate inductance or cathode bypass 
capacitor. A rise-time of 0.0lusec has been 
achieved by the use of a low value plate load, 
permitting duplication of the circuit without the 
computation of tailored inductors or capacitors. 
Furthermore, the highly degenerative cathode 
resistor offers good gain-stability with tube aging. 
The Miller effect input capacitance is kept to a 
minimum as a result of the low gain. 


As noted on the circuit sheet, four inputs can be 
mixed by paralleling two additional tube sections. 
If the value of plate load and cathode resistance 
is not changed, paralleling halves the gain. By 
substitution of a cathode resistance value of 1002, 
the gain can be brought back to unity. No deteri- 
oration of rise time was noted due to additional 
parallel tube sections. 


The 5670 tube was chosen over another possible 
type, the 5814A, for several reasons. Statistics 
point out the reliability of the 5670, both in an 
electrical and mechanical sense. Second, it has 
been determined experimentally that under 
comparable conditions of operation, as in com- 
mon-plate mixers, the 5814A draws almost twice 
as much plate current as the 5670. It was felt 
that the lower heat dissipation of the latter would 
contribute significantly to longer tube life in this 
circuit. 

Figure 24-1 is a plot of output versus input 
voltage for the common-plate mixer, PC 24. Note 
the small output that can be attained from nega- 
tive input pulses. 


Tube 5670 
Input = 6zsec pulses at 4000 pp 


NEGATIVE PULSE OUTPUT (VOLTS). 


4 8 12 
POSITIVE PULSE INPUT (VOLTS) 


Fig. 24-1 COMMON-PLATE MIXER 
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NBS PREFERRED CIRCUIT NO. 25 
VIDEO AMPLIFIER CHAIN 


INTERMEDIATE 


MIXER AMPLIFIER DRIVER 
5670 5670 5670 
+150V 
4 Led Xo 
<~so 
ee a a a 
0.047 OUTPUT 
Soa7 | | TOCRT. 
C8 
cé 
KR aks a IN 70 
Shim 5s2 
5 ai Boe x 
3|5 5 zs 
QjO oO = © 
rok x“ 270] 2 
Sz UESSTSSe EBS sse-E,| Pe =” gSe a 
© ¥9o| 8 © io C7 -45V 0 c9 
= = a Ss =3Sorng = 
=sst 
INPUT | INPUT 2 + | 
= -150V _ 


Unless otherwise stated: Rinohms, C>linpypf; 
C<linuf; Linph 


Gain: 60v output for 1 volt input. 
Maximum input amplitude: 1 volt. 
Polarity: Input — Positive. 
Output — Negative. 
Rise Time: 0.10usec maximum (over-all) with approximately l5uyf output capacity. 
Droop: 10% for 800usec pulse (over-all). 
Gain of Mixer: 0.65. 
Gain of Intermediate amplifier: 15. 
Gain of Driver: 5.9. 
Gain control range: 4.1. 
Total supply current: 26ma. 
Grid and cathode resistors 20%: all others 10% limits. 
AllC: 20% limits. 


25-2 


PREFERRED CIRCUIT 25 


25-3 


NAVAER 16-1-519 . 


PC 25 VIDEO AMPLIFIER CHAIN 
1. APPLICATION 


This preferred video chain circuit hes been 
developed for use in a radar display system. The 
function of the video chain is to mix the radar 
video with marker pulses and amplify the com- 
bined signals to a level sufficient to intensity- 
modulate the cathode ray indicator. This circuit 
is not intended for a specific application. Rather, 
it will serve as a convenient guide in planning the 
video section of a display system. The circuit 
includes principles that allow for ease of manu- 
facture and give high reliability in operation. The 
component types and values have been selected 
to make the circuit suitable for either mechanized 
production or conventional construction. 


9. DESIGN CONSIDERATIONS 


A large number of existing radar video circuits 
were examined. This examination showed that 
great liberties were afforded the designer in the 
choice of tube types, component values, and 
circuitry. Often as many as 10 different circuit 
designs perform the same function. The video 
chain circuits examined extend from the video 
mixer to the cathode ray tube driver amplifier. 
The circuits were divided into individual stages 
for the purpose of tabulating the data of stages 
performing the same function. This procedure led 
to a restriction of operating voltages, tube types, 
and circuit parameters. These restrictions in turn 
formed the basis of the preferred video chain. 

Considerations concerning design and circuit 
performance are discussed below. For a more 
detailed discussion, refer to Preferred Circuits 23, 
26, and 27. 


2.1 Supply Voltage: An examination of equip- 
ment in current use showed the multiplicity of 
positive and negative voltages. An analysis of 
existing circuits indicated that these voltages 
could be limited to 300 and 150v, positive and 
negative. In this preferred circuit, the choice of 
the positive 150v supply was made as being 
generally sufficient for signal swings under 100v. 
2.2 Video Mixer: The common cathode mixer is 
the same as that chosen for PC 23. The advan- 
tages of this circuit are: 

(a) Good gain stability due to cathode degen- 
eration. 
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(b) Favorable additive factor for time-coinci- 
Jent input signals. 

(c) Ideal polarity considerations. 

(d) Low output impedance (5009). 

(e) Possibility of paralleling sections. 

(f) Excellent rise-time (< 0.05ysec). 
The less-than-unity gain of the stage is a negligible 
disadvantage. For a 1 volt input, the output is 
approximately 0.65v. 


2.3 Video Amplifier: This stage represents a 
departure from conventional video circuitry. The 
two major features are the use of triodes andthe 
lack of inductive plate peaking. These features 
will be taken up individually. 

(a) Triodes versus pentodes: A dual triode 
envelope is used as a two stage amplifier in the 
selected video amplifier. The transconductance of 
triodes has been improved sufficiently in the last 
few years so that they compare favorably with 
pentodes.  Triodes also have lower output 
capacity. 

The greatest obstacle to overcome in the use of 
triodes is the adverse increase of input capacity 
caused by the Miller effect. The low-impedance 
output of the common cathode mixer reduces the 
effect of the increase of input capacity of the first 
video amplifier. This effect is balanced in the 
second amplifier section by cathode peaking, 
discussed below. 

(b) Capacitive cathode peaking versus induc- 
tive plate peaking: The technique of cathode 
peaking is neither widely suggested nor employed. 
The situation making its application possible in 
this video chain is the method of biasing the two 
video amplifier stages. Cathode biasing was 
chosen because it is simpler than fixed grid-bias. 
Grid-bias is usually taken from a resistive divider 
across a source of high negative voltage. This 
method requires more components than the single 
cathode resistor. The disadvantage of loss of gain 
associated with self-bias is balanced by the im- 
provement in stability resulting from cathode 
degeneration. 

The next problem is the effect of high-frequency 
compensation on rise time. Table 25-1 contains 
two sets of figures showing the relative improve- 
ment of gain/rise-time ratio using cathode peak- 
ing. Although cathode compensation increases 
gain/rise-time ratio compared to the unbypassed 


25-4 


PREFERRED Circuits MANUAL 


NAVAER 16—1-519 


TABLE 25-1—Performance of Shunt-Peaked Circuit at Plate 


Gain/rise-time Overshoot 
m ratio (percent) 
Ofsetioneeases seer tees 1.0 0 
O220 at eee te ee eh EG 1. 0 
074). eens cesu session en 1.7 3.1 
0. 50s2525 eesti fen Seek ce 1.9 6.7 
0760.2 es 2.1 11.4 
L I= compensating inductance. 
m= RC R= load resistance. 
C= output capacity. 
Performance of Cathode Compensation 
Gain/rise-time Overshoot 
P ratio (percent) 
Once oso ee ee eae 1.0 0 
Of bn teec eto S ics ste 1.2 0 
Debris ine see oe shat 2.0 0 
LiOuseseceesec el os 2ce. 2.2 2 
Bio Seen weisek vetacece 2.9 14 


P= R,C;/RiC. R= cathode resistor. 
C,y= compensation capacitor. 
R= load resistance. 
C =output capacity. 


1 George E. Valley, Jr. and Henry Wallman, ed., Vacuum Tube 
Amplifiers, Rad, Lab. Series, vol. 18, McGraw-Hill,.1948, pp. 74, 91. 


cathode resistor, it does not improve the ratio 
compared to a grounded or completely bypassed 
cathode. 

The introduction of a small low-tolerance 
capacitor at the cathode is simpler than adding an 
inductor at a higher impedance plate load. Precise 
duplication of the circuit becomes much 
simpler. The complete absence of inductors 
makes the system attractive for mechanized pro- 
duction. 

2.4 Video Driver: The paralleled: triode driver 


stage completes the video chain. ‘Triodes were 
selected because of their low output capacity and 


high transconductance. With no input signal, the 
driver operates at 0.5ma plate current. ; 

The clamp diode at the grid may be eliminated 
for short pulse-duration, low duty-cycle operation. 
The diode is needed in the case of a high duty- 
cycle signal, however, to clamp the bottom level of 
the signal at —4.5v. 


2.5 Summary: Below is a summary of the 
operating characteristics of the complete video 
chain: 

(a) A positive 1 volt pulse at either input 
produces a 60v negative pulse at the output. 

(b) The over-all rise-time is 0.1ysec. 

(c) Droop is approximately 10% for an 
800usec pulse. 

Figure 25-1 is a plot of the over-all gain 
characteristic of the video chain. 
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Fig. 25-1 GAIN CURVE OF CHAIN 
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NBS PREFERRED CIRCUIT NO. 26 
INTERMEDIATE VIDEO AMPLIFIER 


Uniess otherwise stated: 
R in ohms, 

Colinpupft; C<lin pf; 
Lin zh 


CIRCUIT WITH 
GAIN CONTROL 


5670 


OUTPUT 
INPUT 


4:1 CONTROL RANGE 


This circuit is used to amplify intermediate level video signals and to invert signal polarity. It is used 
as a part of video chain, PC 25. 
Input waveform: Video pulses of either polarity. 


Operation: 
2 Sue eee Semele Se Ses ese Sa tie 2.2K 0822 ce sere cetece oes 1.5Ka. 
Gaines te coe oS Sete as ee ee eS nett eet tb CAEN 3.5. 
Rise time ®: see si feelin lst bee ew ee 0.046usec_________- Agee se 0.032usec. 
Input, maximum volts _._________- Breage tt BEh eos —2.3, +2.2__..._.____.___- —3.5, +3.0. 
Output, maximum volts __._......_-._____-. 16. oa eek et ei Se +12. 
Input capacity _____.._____ 2 ee Vjipte cee ee Sul. 


Tolerance: The variation in gain is +10% for MIL specification limits of tubes and +5% resistors. 
Droop: 1.5% for 500usec pulse. 2 
R2,R3: +10%; Rl: +20% limits. C: +20% limits. 
Notes: 
1. Total output capacity, 19uuf. 
2. For Cl = 0.0luf; Rl = 680Ka, droop 1.5% for 100usec pulse. 
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PC 26 
1. APPLICATION 


This circuit is used to amplify and invert inter- 
mediate-level video signals such as the output of a 
mixer or cathode follower. The circuits may be 
connected in cascade to obtain greater gain or to 
regain the original polarity. 


2. DESIGN CONSIDERATIONS 


The intermediate video amplifier is designed to 
amplify a 1-volt signal to the level required by a 
video driver amplifier. Two values of plate load 
resistors are given, permitting a limited selection 
of rise time and gain. The gain of the amplifier is 
5.5 for a 2.2Ka plate resistor and 3.7 for a 1.5Ka 
resistor. The gain curve in figure 26-1 shows the 
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FIG. 26-1 OUTPUT CHARACTERISTIC: INTERMEDIATE 
VIDEO AMPLIFIER 


limiting of the output voltage with negative 
inputs. The MIL limits of 5670 transconductance 
are from 4500 to 6500umhos. The variation of 
gain with different tubes is shown in figure 26-2. 
Extrapolating the data to these limits, the varia- 
tion of gain is about +10%. When the plate and 
cathode resistors are changed +5 %, the electrode 
potentials do not vary more than +1.5%. The 
change in gain with +10% change in supply vol- 
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Fig. 26-2 VARIATION OF GAIN WITH TRANSCONDUCTANCE 


tage is less than 1%. With a +33% voltage 
change, the gain changes +7%. 

The rise time for the circuit using a 2.2Ko plate 
resistor is 0.046usec. 

The total output capacity is 


nut 
Plateicapacity.-.-.t ss 22sec ets ee ae 1 
Wirint=. 2es2-ssc5ic6 5uSceeasestsoee.tes 522th 7 
Following input______....----------------------- ll 
19 


Using the relation 
Rise time, t,=2.2RC 
then 
t,=2.2 X 2200 * 19 X 10-12 
t,=0.092usec 
With cathode high-frequency compensation, an 
improvement factor of about 2 is attained (see PC 
25, Sec. 2.3). The resulting rise time is 0.046ysec. 
The rise time is 0.032usec when a 1.5Ko is used. 
Because of the Miller effect, the input capacity 
of the triode amplifier is appreciable. The input 
capacity for this amplifier is computed using the 
formula 
C input =C,,+ (1+Gain)C,, 
=2.2+ (145.5) 1.3yyf 
= 1lupf 
The input capacity for the amplifier with a gain 
of 3.7 is 8upf. 
The droop is a function of the input coupling 
circuit (see PC 21, Sec. 2). The droop is 1:5% for 
a 500usec pulse. 
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NBS PREFERRED CIRCUIT NO. 27 
TRIODE VIDEO DRIVER AMPLIFIER 


Unless otherwise stated: +150V 
R4 


Rin ohms, 
C>l in uyf, C<l in pf; 
Lin ph 


This video amplifier is used to drive the cathode of a CRT indicator. It is used as a part of video chain 
PC 25. 


Input waveform _______...-___...___-_-_-.--- 2-2 eee. Positive pulses. 
Input voltage ____--_.-.....--- eee 2.0 to 9.5v. 
Voltage gain______--_-.-_._-. eee eee 4.8 at 5v input. 
Input capacity _...-.-... 2. 19.4upf, 

Rise timesl-: - 2502 ccdon SoG eds oe else tele dee ee 0.05usec. 
Maximum output voltage. _____.__._.__-. 2-2 eee 60v. 


Tolerance: The variation in gain is +10 % for MIL specification limits of tubes. 
Droop:? 4% for 500usec pulse. 
R2,R3,R4: +10%; R1,R5,R6: +20% limits. C: +20% limits. 
Notes: 
1. Total output capacity, 20uuf. 
2. For Cl = 0.01uf; R1 = 680Ka, droop is 4% for 100usec pulse. 
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PC 27 VIDEO DRIVER: TRIODE 


1. APPLICATION 


The purpose of the driver stage is to amplify 
radar or other video signals to the level necessary 
for intensity-modulation of the cathode ray tube 
indicator. This driver is used as part of the video 
chain, PC 25. 


9. DESIGN CONSIDERATIONS 


Intensification of a cathode ray indicator can be 
accomplished by either a positive signal at the 
grid or a negative signal at the cathode. The latter 
arrangement has been chosen in the design of this 
preferred circuit. A negative output from a video 
driver can be achieved with a considerably lower 
steady-state plate current and a lower plate load 
resistor. The circuit with positive output, in 
comparison, must draw enough steady-state plate 
current in order that the plate swing may start at 
a point below the plate supply level. In the 
interest of plate dissipation, the plate load 
resistor must be kept high in value if the plate 
swing requirements are to be met. This considera- 
tion increases the problem of high-frequency 
compensation. 

As in the case of PC 26, the preferred driver 
stage has a plate load without inductive compen- 
sation. Cathode bias resistance is used for gain 
stabilization and is bypassed with a small capaci- 
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Fig. 27-1 OUTPUT CHARACTERISTIC: 5670 VIDEO DRIVER 


tor for high-frequency compensation. The use of 
triodes eliminates the droop problem associated 
with screen supplies. Figure 27-1 shows the gain 
characteristic of the stage. The average gain is 4.8. 

The effectiveness of the gain stabilization 
resulting from cathode degeneration is illustrated 
in the relatively low variation of gain with trans- 
conductance (fig. 27-2). The MIL limits of trans- 
conductance are 4500 and 6500umhos. Paralleling 
the triode sections increases the limits to a theor- 


5670 (SECTIONS IN PARALLEL) (17) 
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Fig. 27-2 VARIATION OF GAIN WITH TRANSCONDUCTANCE 


etical 9000 and 13,000umhos. The data are 
extrapolated to MIL limits to obtain the gain 
tolerance of 410%. 

The rise time for the driver using a 2.2Ka plate 
resistor is 0.050usec. 
The total output capacity is 


nut 
Plate: capacity 2-222 ss ese sete eos 2 
Wittig: soc S222 252022 seeer secede ce te ec Seee ens eee 13 
Cathode’ CRT 3:22.52. 26 Sse Soe ua sot ke eee cee 5 
20 


Using the relation 
Rise time, ¢,=2.2 RC 

then 
t,=2.2 X 2200 x 20 x 10-2 
t, = 0.097 usec 


An improvement factor of about 2 is attained with 
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cathode high-frequency compensation (see PC 25, 
Sec. 2.3). The resulting rise time is about 0.05usec. 


Because of the Miller effect, the input capacity 
of the triode amplifier is appreciable. The input 
capacity for this amplifier with sections in parallel 
is computed using the formula 


C input =C,,+(1+Gain) C,, 
=2 XK 2.2+(1+4.8) 2 X 1.3yupf 
= 19.4ypf 
The droop is a function of the input coupling 
circuit (see PC 21, Sec. 2). Without the 1N70 
diode restorer the droop is 1.5% for a 500usec 
pulse. 
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NBS PREFERRED CIRCUIT NO. 28 
BEAM POWER VIDEO DRIVER AMPLIFIER 


Unless otherwise stated: 
Rin ohms, 

Colinupuf; C<lin pf, 
Lin ph 


This video amplifier is used to drive the cathode of a CRT indicator. 
Input waveform 
Input voltage 


Denedsves Csi wstie sete cee Sack te wii te 1 to Ov. 
Voltage: gains. 52% eee ee se ee ee ot ane 7. 

Input capacity -.____-_--.--------.--.-..---- ee - 12-6 ppf. 
FRASO<tIMG? 22 sce S oan Sh ek f ouch a Seon Pewee he att ek 2 0.07usec. } 
Maximum output voltage ____.______.--------_------2-- ee 70v. 


Tolerance: The variation in gain is +17 % for MIL specification limits of tubes. 
Droop: 4% for 500usec pulse. 2 


R2,R3,R4: +£10%; Rl: +20% limits. C: +20% limits. 
Nores: 


1. Total output capacity 25.5yupf. 
2. For Cl = 0.01luf; Rl = 680Ka, droop is 4% for 100ysec pulse. 
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PC 28 BEAM POWER VIDEO DRIVER AMPLIFIER 


1. APPLICATION 


The purpose of the driver stage is to amplify 
radar or other video signals to the level necessary 
for intensity-modulation of the cathode ray tube 
indicator. 


2. DESIGN CONSIDERATIONS 


The beam power video driver is widely used in 
search radars. A discussion of the general require- 
ments for a video driver is given in PC 27, Section 
2. PC 28 is designed for those applications where 
the input capacity of PC 27 is too high. Some of 
this advantage is lost in the output side where its 
capacity is 7.5uuf compared to 2.6upf for triodes in 
parallel. The linearity of this circuit is more 
uniform throughout the operating range than in 
the triode circuit, PC 27. 

In the beam power circuit, high-frequency shunt 
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Fig. 28-1 OUTPUT CHARACTERISTIC: 6005 VIDEO DRIVER 


‘ompensation is used in the plate circuit. Figure 
‘8-1 shows the gain characteristic of the video 
driver. The average gain is 7. 


The rise-time for the driver using a 2.2Ka plate 
resistor and shunt compensation is 007usec. 
The total output capacity is 


wut 

Plate capacity........-..------------------------ 7.8 
Wirt) ee eet ee oe eS 13.0 
Cathode: CRT. <<<. 2222 sec 25h 5-e eek sens toes 5.0 
25.5 


Using the relation 
Rise time, t,-=2.2RC 
then 
t,=2.2 X 2200 X 25.5 x 10-122 
t.=0.12usec 


With shunt compensation! using a parameter 
ratio m=.41, an improvement factor of 1.7 is 
attainable with 3% overshoot. The resulting rise 
time is 0.07usec. 

The value of shunt inductance is computed 
using the relation 


L=mRC 
L=0.41 X 22002 x 25.5 x 10-2 
L=50ph 
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Fig. 28-2 VARIATION OF GAIN WITH TRANSCONDUCTANCE 


1 George E. Valley, Jr. and Henry Wallman, ed., Vacuum Tube Amplifiers, Rad. Lab. Series, vol. 18, McGraw-Hill, 


1948, p. 73. 
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Because of the Miller effect, the input capacity 
is increased about 4uyf. The total input capacity 
is computed using the relation 

C input =C,,+ (1+Gain) C,, 
=8.3+ (1+7) (0.54) 
=12.6ypf 
Droop is a function of the input coupling circuit 
(see PC 21, Sec. 2). Without the 1N70 diode 


restorer the droop is 1.5% for a 500ysec pulse. 
The absence of gain-stabilizing resistors in the 
cathode and screen circuits is reflected in the 
variation of gain with transconductance. The 
6005/6AQ5W MIL range is from 3000 to 
5200umhos. Figure 28-2 shows the gain variation 
for 16 tubes. Extrapolating the data to the MIL 
limits gives a gain tolerance figure of +17%. 


NBS PREFERRED CIRCUIT NO. 40 
PRF MULTIVIBRATOR 


NBS PREFERRED CIRCUIT NO. 40 
PRF MULTIVIBRATOR 


+300V 


| 


OUTPUT 


Unless otherwise.stated: Rinohms,; Col inppf; 
C<lingf; Lingh 


Formula:. Cl = C2 = - 


(108 upf) 

where f= pulse-repetition frequency in pulses per second. Potentiometer will compensate for values 
of C which differ from computed values by not more than 5%. 

Output: 260v (not including negative overshoot). 

Fall time: 10-90% value (not including negative overshoot): 0.4yusec. 

Frequency stability: 0.5% change in frequency for 10% change in B+. Frequency drift primarily 
proportional to drift in values of C1,C2,R2, and R4. 

R2,R4: +1%; R1,R5: 45%; R3: 420% limits.. C1,C2: +2%. limits. 

Notes: ; 
1. Use negative-going waveform for accurate timing. 
2. To minimize effect of varying load impedance on frequency stability, use differentiated output 

into cathode follower. 
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PC 40 PRF MULTIVIBRATOR: ASTABLE, PLATE-TO-GRID COUPLED 


1, APPLICATION 


This circuit is used as a moderately stable 
repetition-rate generator. It is an astable, plate- 
to-grid coupled multivibrator. The multivibrator 
has the advantage of greater frequency stability 
than the blocking oscillator and greater economy 
of components than the Wien bridge oscillator. 
One disadvantage of the multivibrator is that the 
output impedance for positive pulses is essentially 
equal to the plate-load resistance. This resistance 
must be relatively high for good frequency 
stability. 


2. DESIGN CONSIDERATIONS 


The recommended design uses a 5814A twin 
triode or electrical equivalents with relatively high 
plate resistors (68Ka). This value of resistance 
will slow the transition to some extent, but 
frequency stability is more important. A differen- 
tiated output into a cathode follower is recom- 
mended, since a load on the multivibrator will 
impair the frequency stability. The negative- 
going waveform is generated at a much lower 
impedance than the positive-going waveform; 
therefore, the cathode follower should be zero- 
biased (grid resistor returned to the cathode) so 
that only the fast negative-going pulse will be 
obtained from the cathode follower output. 

The speed of the transition, as in all multivi- 
brators, depends to some extent upon the capaci- 
tance between tube elements. Except for the 
basic consideration of keeping leads as short as 
possible to minimize stray capacities, no special 
precautions need be observed in the construction 
of this circuit. Potentiometer, R3, should be 
readjusted each time the multivibrator tube is 
changed, since changing the multivibrator tube 
may cause a 3% change in repetition frequency. 

The period of a symmetrical, astable multi- 
vibrator with grid resistors returned to a positive 
voltage may be determined approximately from 
the equation ! 

[=2RC In ae 


7] ¢ 


T =period in seconds. 

R=value of either grid resistor in ohms. 

C=value of either cross-coupling capaci- 
tor in farads. 

E,=voltage to which grid resistors are 
returned. 

E;=voltage drop across either plate 
resistor when tube is conducting (at 
zero grid bias). 

E.=absolute value of grid cutoff voltage 
with B+ on plate. 


This equation is not exact because it does not 
take into consideration the effect of tube capacities 
and the overshoots that appear immediately after 
the transition. It also ignores as negligible 
compared to R the parallel combination of the 
plate resistance and load resistor of the ‘‘on” 
tube, which are in series with the grid resistance 
during the discharge of C. Although a more 
elaborate expression may be written to include 
the effects of tube capacities and tube and plate 
load resistances, there is no simple formula which 
will account for the overshoots. Therefore, the 
empirical formula given in figure 40-2 was derived 
for the value of cross-coupling capacitance as a 
function of the repetition frequency with all 
parameters fixed. 

The frequency stability of a multivibrator may 
be improved by making the timing waveform on 
the grid of the cutoff tube very large and as steep 
as possible at the time that this voltage is ap- 
proaching the cutoff voltage. In this circuit a 
large timing waveform is obtained by using a high 
resistance in the plate circuit, since the full voltage 
drop across this resistor is applied to the opposite 
grid as the timing waveform. This waveform is 
made steeper as it passes through the cutoff 
region of the tube by returning the grid resistor 
to a positive voltage instead of ground. The 
exponentially-rising voltage on the grid will then 
be further from its final value as it passes through 
cutoff. The optimum value of positive voltage, 
E,, to which the grid resistor should be returned 
is such that the relationship Z, +E .= (E,+E,)/€is 
satisfied.? The notation in this equation is the 
same as previously given, with ¢€ the natural 


where 


1 Britton Chance, ed., Electronic Time Measurements, Rad. Lab. Series, vol. 20, McGraw-Hill, 1949, p. 80. 
2 Britton Chance, ed., Waveforms, Rad. Lab. Series, vol., 19, McGraw-Hill, 1949, pp. 177~179, 190-194. 
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logarithm base. The value of this voltage is not 
critical. The grid resistors are returned to B+ in 
most applications. 

Pentodes have an advantage over triodes for 
multivibrators since the voltage drop across the 
“on” tube can be held to closer limits by operating 
the pentodes in the knee region. This results in 


better frequency stability than with triodes using 
the same value of plate load resistors. The relative 
improvement becomes smaller, however, as the 
value of the resistors is increased. In addition, if 
pentodes are operated in the knee region of the 
curves, the multivibrator may sometimes fail to 
oscillate. 3 


3 William A. Edson, Vacuum Tube Oscillators, John Wiley & Sons, Inc., 1953, pp. 281-293. 
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NBS PREFERRED CIRCUIT NO. 41 
MAIN GATE MULTIVIBRATOR: MONOSTABLE 


+300V 


OUTPUT 


INPUT yl 
TRIGGER 


R6 
470K 
—I50V 


Unless otherwise stated: Rinohms; C>linupf, 
C<l inuf; Lingh 


This circuit is used to provide a positive or negative gate pulse in response to a positive input trigger. 
Self timing — requires no shut-off pulse. 
Gate duration: Maximum 2500usec. Minimum 30usec. 
Maximum duty cycle 0.85. 
PRF: 200 to 2000pps. 
Input: 25v peak. 
Outputs:!1 A. Positive 210v peak. B. Negative 210v peak. 
Rise time: 2ysec. Rise time: 0.7usec. 
Decay time: lysec. Decay time: 10ysec 
Component values: (R3+R4) must be between 550Ke and 3Ma. For (R3+R4) = 2Ma, 
gate duration in usec = value of C3 in uuf. R3 = 1/5(R3+R4) for ease 
of adjustment. 
R3,R4, and C3 must be of stability commensurate with application. 
AC: +10% limits. AllR: +10% limits. 
Stability: For a 5% change in plate supply voltage, the duration will change 0.8%. For a 10% 
change in heater voltage, the pulse duration will change 0.5%. 
Note: 
1. Rise and decay times obtained with probe of 15ypf. 
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PC 41 MAIN GATE MULTIVIBRATOR: 
1. APPLICATION 


The primary function of this preferred circuit 
in radar equipment is to establish the period dur- 
ing which the main display sweep is presented. 
Invariably the unblanking gate for the cathode 
ray tube is obtained from this circuit. It may also 
provide the gate for initiating and shutting off the 
distance-mark generator. This circuit can be used 
when a positive or negative rectangular gate of 
long duration is needed. 


The multivibrator would normally be triggered 
from a source of positive short-duration pulses, 
such as PC 48, and having a repetition-rate 
between 200 to 2000pps. It can be used at 
repetition rates from zero to a maximum deter-- 
mined by the gate length and recharging time. 


2. DESIGN CONSIDERATIONS 


In certain applications it is desirable to have the 
range-sweep lengths determined by the duration 
of the main gate. A monostable multivibrator was 
chosen for this function. The circuit produces 
rectangular gates of both polarities upon receipt 
of a trigger pulse. The length of the gate is pri- 
marily determined by R3, R4, and C3. In an 
application where different ranges are required, 
these elements are switched in value for each 
duration position. It is desirable that the sum of 
R3 and R4 not exceed 3Ma. For a range-gate of 
2500usec, (R3-+R4) could be made 2M and value 
of 25upuf for C3 would provide the gate length. 


MONOSTABLE 


In some instances this cirtuit may supply out- 
put gates to as many as four branches. Unless 
precautions are taken, the steepness of the 
waveforms can be adversely affected by shunt 
capacities of the associated circuits or by grid- 
current demands. The rise and decay times given 
will hold only if the total shunt capacity at either 
plate does not exceed 15yuf. A much greater 
shunting capacity can be tolerated by taking the 
output at some point divided down on the plate- 
load resistors, but at the sacrifice of amplitude. 
The positive output at “A” should not be coupled 
to a circuit that demands grid current, since the 
multivibrator may fail. A cathode follower or 
buffer should be used to couple the positive 
output to such a circuit. 

The rise time in the negative direction, output 
at “B”, is inherently much faster than the posi- 
tive. An improvement in the positive rise time at 
“A” can be realized by lowering the value of C2. 
The negative excursion, however, will be inversely 
affected. The decay time at output “B” is 
directly related to the value of C3. The stated 
figure of 10usec is for a value of 100uuf for C3. 

For applications where the gate length is 
determined by a shutoff pulse from the sweep 
circuit, the monostable circuit is not recommended 
for reasons stated in PC 42. PC 42, utilizing a 
bistable multivibrator, is recommended for these 
applications. Although many radar systems em- 
ploy a monostable circuit with a shutoff pulse, 
examination will show that the basic nature of the 
monostable circuit does not lend itself to stable 
premature recycling by a shutoff pulse. 
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NBS PREFERRED CIRCUIT NO. 42 
MAIN GATE MULTIVIBRATOR: BISTABLE 


+300V 
R3 
5.6K 
R4 
5.6K 
OUTPUT OUTPUT 
A B 
C3 C4 
56 56 
ae R7 R8 ak 
= 180K 180K 
RO -isov 
c5 ISK 
ZL 1000 RIO 
= 51K 
INPUT Ril Ri2 SHUTOFF = 
TRIGGER ‘TRIGGER 


Unless otherwise stated: Rinohms, C>1 inupf, 
C<] inuf; L inwh 


This circuit provides a positive or negative gate in response to an input trigger pulse, and the gate is 
terminated by a shut-off pulse. 
Input: >25v peak, either polarity, 1usec duration. 
Shutoff pulse: >25v peak, either polarity, duration not critical. 
Output A or B: 180v peak, rectangular gate of either polarity. 
Negative Gate Positive Gate 
Rise. times) sh eee tous abe as 0.7pusec 2.5usec 


Decay time 222-5 fies oo oe eee ee Se eee aa 2.5usec 0.7usec 
Gate duration: Determined by timing trigger and shutoff pulse time interval. 


R9 and R10: +5%; all other R: +10% limits. All C: +10% limits. 
Notes: 


1. Rise and decay times obtained with 15uuf probe. 
2. Ril and R12 are part of the input circuit, 5Ke to 50Ka. 
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PC 42 MAIN GATE MULTIVIBRATOR: 
1. APPLICATION 


The main-gate multivibrator generates the 
gates during which the display is presented. The 
applieations for this circuit are similar to PC 41, 
Main-Gate Multivibrator: Monostable. The 
major difference is the need for a shutoff pulse to 
return the circuit to the initial state. 


2. DESIGN CONSIDERATIONS 


In some radar applications it is desirable to have 
the gate length controlled by the display circuit. 
In such cases the sweep circuit provides a shutoff 
pulse for the purpose of recycling the bistable 
multivibrator. The monostable multivibrator can 
also be used with a shutoff pulse to terminate 
operation before the end of its normal cycle. 
However, the required shutoff pulse amplitude 
does not remain constant over the duration of the 
cycle because the varying range and/or repeti- 
tion rates which occur in radar sets cause the 
shutoff pulse to occur at different points on the 
exponential rise of the grid voltage of the cutoff 
tube. For this reason, shutoff pulse operation is 
not as reliable as with the bistable MV. The 
bistable MV circuit is basically suited for this 
purpose. > £3 

As noted in the data sheet, rectangular gates of 
either polarity are available at plates A and B. 
This can be seen from the symmetry of the bi- 
stable circuit, since, when the circuit is turned on, 
a particular tube such as B can be either in the 
cutoff or conducting state. In the sweep applica- 
tion mentioned above, a question arises as to the 
state of the tube from which the sweep gate is 
taken. In other words, how is the desired gate 
polarity established? 

To illustrate, a graph of the operation is shown 
in figure 42-1. Briefly, assume the sweep circuit 
is operated with a negative gate and at the 
termination of the sweep a shutoff pulse is pro- 
duced which is fed back to the bistable MV. If 
tube B is initially cut off (fig. 42-1a), the timing 
pulse will initiate the negative gate. In the event 
tube B is initially conducting (fig. 42-1b), no 
sweep will be generated by the first timing pulse. 
However, the multivibrator will recycle and 
proceeds normally with the second timing pulse. 
If the gate polarity required for the sweep circuit 
is positive, a positive gate is obtained in a manner 
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similar to that for the negative gate, except that 
the shutoff pulse occurs only when the gate is 
positive. 

The input trigger can be of either polarity with 
the negative preferred. The shutoff pulse can be 
of either polarity also, but its duration is not 
critical since a fast decay time of the gate is not 
usually desired. The gates are formed by combina- 
tions of positive and negative transitions. The 
negative-going transition is inherently faster than 
the positive. The negative transition time is 
0.7usec and the positive is 2.5usec. 

As in PC 41, precautions should be taken when 
connecting associated circuits to the outputs. The 
rise and decay times given on the data sheet hold 
only if the total shunt capacity added does not 
exceed 15uyf. By dividing down on the plate 
resistor, a greater shunting capacity can be 
tolerated with a proportional loss of amplitude. 
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NBS PREFERRED CIRCUIT NO. 43 
PULSE CATHODE FOLLOWER 


Unless otherwise stated, 
Rin ohms, 

C>I inpuf; C<l inuf; 
Lin wh 


This cathode follower is used to isolate critical circuits from loading effects by virtue of its high impedance 
input and low impedance output characteristics. 


For Rx (Q)_-------- 10K 2 eo esee eases AOKi 22 22h ete cd 22K (—150v) ! 
Eiyy (v)_--------, Se eae oe 150___----- 300__..___...__.. 300 

GaN Soe a2 oe eee ses 0.87___.-.---.-- 0.87___..------_- 0.9 

Input limits (v)__-_....-_-._2_- 0 to 70________. 0 to 170______-___- —100 to 180 
Output limits (v)__..-..-.-2___- 0 to 61_________ 0 to 148________ —90 to 162 
Output impedance ? (9)________- 900222. 22652222¢, 4202 os eee 300 8 

Rise time (usec)___....__-_-___- 0.02 5scscus< ae 0.02__..._..____. 0.02 

Fall time 4 (usec)_.__-_...-_-___-- O:2 test eee Qi acto 0.05 


Input capacity: 2.5uuf. 5 
Droop: 1.5% for 500usec pulse. § - 


RI: 


420% limits. Cl: +10% limits. 


Nores: 


OP DEH OO RO 


— 150v connected at point A of Rx. 

For 20v pulse. 

140002 for —20v pulse. 

For 20v pulse and 15yupf added. 

Excluding wiring. 

For Cl = 0.01uf; droop 1.5% for 100usec pulse. 
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PC 43 PULSE CATHODE FOLLOWER 
1. APPLICATION 


The cathode follower is used to isolate critical 
circuits from loading effects by virtue of its high 
input impedance. Circuit variations are given to 
accommodate a range of positive and negative 
input voltages. PC 22, Low-Level Cathode 
Follower, may be used when a circuit is to be 
matched to a low impedance line. 


2. DESIGN CONSIDERATIONS 


This cathode follower is characterized by a low 
input capacity and a fast rise time response which 
is in the order of 0.01 to 0.03usec. However, the 
follower increases the transition time of negative- 
going edges of pulses, such as the fall time of a 
positive pulse or the rise time of a negative pulse 
(see fig. 43-5). The follower is also characterized 
by a low output impedance. 

The output impedances listed on the data sheet 
were obtained by adjusting the load so as to 
reduce the output voltage to one-half the no-load 
value. Thus, in the case of a 20v signal, the output 
impedance is measured by the value of a load 
resistor (connected through a capacitor) which 
reduces the voltage to 10v. The effective output 
impedance for large signals depends upon pulse 
polarity. In the circuit using a —150v supply 
connected to a 22Ko cathode resistor, the effective 
impedance is 300c for a positive pulse and 14002 
for a negative pulse. 

The rise time depends mostly upon the tube 
transconductance and associated electrode and 
added capacities. In most radar applications a rise 
time of 0.02 or 0.03usec is adequate. With the 
5814A tube and 30yuf added capacity, the rise 
time is of this order. ! 

In order to accommodate a range of input vol- 
tages, several circuit variations are given. The 
operating level limits indicate the region in which 
the grid begins to draw current. Another limiting 
condition is the heater-cathode breakdown vol- 
tage, which is +200v for the 5814WA. The 
cathode follower characteristic curves are shown 
in figures 43-1 and 43-2. The plate current can be 
determined by dividing the cathode voltage by the 
cathode resistance. When the cathode resistor is 
returned to —150v, the difference between the 


300 


250 


HEATER CATHODE 
VOLTAGE LIMIT 


200 


150 


CATHODE VOLTAGE 


S8I4 WA 

Ebb= 300V 
R =22Kn(TO-ISOV 
DASHED LINE INDICATES 
Rx GROUNDED 


too 


Rx GROUNDED 


INPUT VOLTAGE 


-180 


Fig. 


ig. 43-1 CATHODE FOLLOWER CHARACTERISTIC FOR Rx=22kn 


CATHODE VOLTAGE 
3 


8 


Rk = 10KQ. 


50 60 70 80 90 WO 110 


-20 4-10 ° 10 20 30 40 
INPUT VOLTAGE 
Fig.43-—2 CATHODE FOLLOWER CHARACTERISTIC FOR Ry 10K 


cathode voltage and —150v must be used. 

The transition time for negative-going edges of 
a pulse is a function of amplitude, whereas posi- 
tive-going edges are not markedly affected by 
amplitude. This is because of the difference in 
transconductance during the rise and fall of the 
pulse. The cathode resistor and associated 


1M. B. Kline, ‘Cathode Follower Bandwidth,” Electronics, June, 1949. 
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capacities are being driven by a source imped- 
ance, 1/gm. During the fall, the tube is nearer 
cutoff, therefore the transconductance is low and 
the pulse fall time is determined largely by the 
cathode resistor, associated capacity, and the 


15( pf) ADDED 
CAPACITY 


as) w . 


TRANSITION TIME FOR NEGATIVE 


GOING EDGES OF PULSE psec 


-80 -60 -40 -20 ° 20 40 60 80 
PULSE AMPLITUDE VOLTS 


Fig. 43-3 VARIATION OF PULSE TRANSITION 
TIME WITH PULSE AMPLITUDE 


amplitude of the pulse.2 Figure 43-3 shows 
the deterioration of transition time as a func- 
tion of amplitude for different circuit con- 
nections. The effect of using a negative supply 
connected to the cathode resistor is to improve 
the negative transition-time for positive and 
negative pulses. This is a result of the tube draw- 
ing higher plate current (higher g,) in the 


20V PULSE 


TRANSITION TIME FOR NEGATIVE 
GOING EDGES OF PULSE psec 


20 30 40 sO 60 70 
ADDED CAPACITY(ppf) 


Fig.43-4 VARIATION OF PULSE TRANSITION TIME 
WITH ADDED OUTPUT CAPACITY 


quiescent state as compared to tubes operated 
with the resistor grounded. A similar result can 
be attained by connecting the grid-resistor return 
end to a divided cathode resistor. 


The effect of added output capacity on the 
negative transition time is shown in figure 43-4. 
Here also the effect is more noticeable on the 
negative transition time; the positive transition 
time will also suffer, but is less noticeable. The 
curves show that the output capacity should be 
kept at a minimum if fast negative transition 
times are desired. 


NEGATIVE PULSE 


NEGATIVE 


POSITIVE PULSE 


(a) PULSE TRANSITION TIME DEFINITIONS 


POSITIVE PULSE 


(b) EFFECT OF CATHODE FOLLOWER ONTRANSITION TIME 


Fig. 43-5 EFFECT OF CATHODE FOLLOWER 
ON NEGATIVE GOING EDGES OF PULSES 


The droop is a function of the input coupling 
circuit (see PC 21, Sec. 2). The droop is 15% 
for a 500usec pulse. When high duty cycle signals 
are encountered it will be necessary to clamp the 
input to avoid the negative biasing effect. when 
the grounded cathode resistor connection is used. 
When direct coupling is used the problem of droop 
is eliminated. 


2 William C. Elmore and Matthew Sands, Electronics, McGraw-Hill, 1949, p. 57. 
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NBS PREFERRED CIRCUIT NO. 46 
PARALLEL-TRIGGERED BLOCKING OSCILLATOR 


+300V 


UNLESS OTHERWISE STATED: 


Rin OHMS; C>l Inu Uf; C<linpf, 
Lin wh 

R6_R7, 0 TO 220 
R8, 3.3K TO 10K © 


Ci 
TRIGGER AVAILABLE 


OUTPUTS 


-(50V 


R6 and R7 may be determined from the desired output voltage by assuming peak pulse current is 250ma. 
R8 used if required to prevent ringing; may be supplemented by a diode to eliminate overshoot. 


Input: 
PRF: 200 to 2000pps. 
Trigger amplitude: 30v minimum 
Output: 
Pulse width: - 0.1 to 5.0usec 


Biss dine: 0.05 to 0. Spee Determined by transformer T1. 


Terminal__.___.--------- tea ee ee Dich oS es ee ree 4 
Polarity_.._.---------- .. Positive----- Negative ___---- Ejither_____.---- Negative 
Amplitude 1____---------- 0 to 50v____- 120 to 180v-__--- 120 to 180v-___-- 0 to 50v 
‘Impedance___.----------- py R7___---- Z, of T1__.----- Z, of T1__------ ~ R6 
Maximum load C 2____-_-- 500upf ____ _- 1Oupf..-.------ 1Oupf_..___-__---- 500upf 


R3,R4: +10%; Ri,R2,R5,R6,R7,R8: +20% limits. AliC: +20% limits. 
NortEs: 

1. Open circuit amplitudes are specified. 

2. Shunt capacitance above the maximum specified will affect the wave shape of the blocking oscil- 
lator. 
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PC 46 PARALLEL-TRIGGERED BLOCKING OSCILLATOR 


1. APPLICATION 


Triggered blocking oscillators are used to 
produce nearly rectangular pulses of large ampli- 
tude with a minimum of components. A frequent 
application is to produce synchronizing pulses 
for modulators and indicators. The parallel- 
triggered blocking oscillator has less effect on the 
trigger source than the series-triggered type; 
however, there may be more delay between the 
trigger: pulse and the blocking oscillator output. 
PC 46 is designed to furnish pulses between 0.1 
and 5ysec wide at rates of 200 to 2000pps. 


2. DESIGN CONSIDERATIONS 


PC 46 employs a 5814A dual triode or its 
commercial prototype. One triode is used as a 
trigger amplifier and the other as the blocking 
oscillator. 

The primary purpose of the trigger amplifier is 
to prevent the blocking oscillator from reacting on 
the trigger source. Except for the very narrow 
pulse widths (1yusec or less), an incidental advan- 
tage is the sharpening of the trigger pulse by 
amplification. 

The minimum trigger requirements at the input 
to the circuit are an amplitude of 30v and a rate of 
rise of at least 100v per microsecond. The delay 
between the start of the trigger pulse and the start 
of the cathode output of the blocking oscillator 
under these conditions is between 0.25 and 
0.35usec. With an input amplitude of 50v, the 
delay is. between 0.15 and 0.25usec. Further 
increase in trigger amplitude produces little 
further decrease in delay. 

The width of the trigger is not critical. The 
triggers are amplified by V1 and appear in differ- 
entiated form in the transformer outputs due to 
the action of the transformer itself. The positive 
pip at the leading edge of the trigger starts the 
blocking oscillator. The negative pip at the trail- 
ing edge appears in the transformer outputs, but 
its amplitude is negligible compared to the block- 
ing oscillator pulse. A grid bias of 27v is obtained 
by a voltage divider from a negative 150v supply. 
C2 bypasses the bias supply directly to the cath- 
ode to remove the cathode resistor from the grid 
current path. This eliminates the degenerative 
effect of the cathode resistor which would other- 


392077 O ~56 -7 


wise cause changes in pulse width with changes in 
cathode load. 


A compromise must be made in the choice of 
values for the resistor and bypass capacitor in the 
bias divider. The time constant, R4, C2, must 
permit the capacitor to discharge to the bias 
voltage before the succeeding trigger arrives or 
the blocking oscillator will not trigger reliably. 
With this limitation, C2 should be as high a 
capacitance as possible to minimize the voltage 
change during the pulse and permit the trans- 
former to determine the pulse width. R4 may be 
as low as power dissipation considerations will 
permit. The values chosen permit recovery of the 
grid bias within the 500usec period of the highest 
PRF for which the circuit is designed. Faster 
recovery times are accommodated by PC 47. 


All the common pulse outputs of the blocking 
oscillator are shown in the circuit diagram. The 
output amplitudes specified will vary with differ- 
ent tubes and transformers. 


The output amplitude at the plate and across 
the third transformer winding is between 40 and 
60% of the supply voltage. The two waveforms 
are the same except for the spike on the plate 
output. The third winding is used when positive 
polarity or isolation from ground is required. A 
damping resistor (R8) is usually necessary with 
high “‘Q” transformers to prevent the circuit from 
squegging or, in extreme cases, oscillating. If the 
overshoot is objectionable, a diode may be used. 


The characteristic impedance of blocking 
oscillator transformers is generally less than 
10002. Therefore resistive loads much higher 
than 10000 will not affect outputs 2 and 3. Shunt 
capacitance across any of the transformer wind- 
ings will affect all the outputs, since the trans- 
former largely determines the pulse character- 
istics. As shunt capacitance across a transformer 
winding increases, blocking oscillator performance 
is affected as follows: 

(a) The time delay between the start of the 
trigger and the start of the blocking oscillator 
pulse increases. 

(b) The trigger amplitude required at the 
input to the trigger amplifier increases. 

(c) The rise time of the blocking oscillator 
pulse increases and the amplitude decreases. 


46-4 
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Outputs 1 and 4 across R6 and R7 are identical 
except for polarity. The maximum value recom- 
mended for either of these resistors is 2200 
because of the effect on the other outputs. As R6 
increases, the blocking oscillator pulse width and 
the amplitude of the transformer outputs increase 
slightly. R7 has the same effect on pulse width, 
but it decreases the transformer output ampli- 
tudes. In all these cases the measurement with 
2202 in the circuit is about 10% different from the 
same measurement when the resistance is zero. 
The effects of load resistance and shunt capaci- 
tance on these outputs can be judged by the 
shunting effect on R6 or R7. 
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have the emission capabilities of the 5814A. There 
was more variation in performance between 
12AT7’s than between 5814’s. Pentodes were 
rejected because they increase circuit complexity 
without appreciably improving the performance. 

The selection of transformer T1 must be 
governed by the pulse characteristics required. 
Most manufacturers of pulse transformers will 
furnish them to specification if given the circuit 
and the desired waveform. A number of manu- 
facturers have stock transformers available. The 
circuit was checked using ten stock transformer 
types made by two different manufacturers. In 
all cases the circuit performed within the limits 


TaBie 46-1—Performance of Parallel-triggered Blocking Oscillator 


Test conditions: Es, Ey 
: E bossa asc cc Shoe ke ect See eee 300v_ sls 
E Fleet So see Sell as See ne cee ae ae es eae eaeeeee 6.3v____ 
Trigger amplitude._........___---------------- 30v___- 
Risetime= 2. eee sel oe ce See lberdecie 0.08 usec 
Delaycscteececacn cet tos soi oceecc eee eee! 0.17 usec 
Plate output: 
Pulse width...-.------.._--..------------- 1.4ysec_ 
Amplitudé: 2222. oho ecw ccctstses ee 200v_.. 
Rise ‘time. 2222: -2222 222522 e224 enc Seeck 0.1 usec. 
Cathode output (R7=1009): 
Pulse width~22222 5.03 i cccweceeccecbuceed 1.3usec_ 
Amplitude____....-...---.---------------- 29v___.- 
Rise times. oo 6 2 oe elec 0.1ysec_ 


Table 46-1 gives the performance of this circuit 
using a typical tube and transformer. The effects 
of a 10% decrease in supply voltages are also 
shown. The changes caused by a 10% increase in 
supply voltages are slightly smaller in magnitude 
and opposite in sense. With a well regulated power 
supply all these effects are negligible except the 
decrease in cathode signal amplitude with the 
decrease in filament voltage. This effect can be 
minimized by returning C2 to ground if the 10% 
decrease in pulse width can be tolerated. 

The 5814A was selected over other MIL 
approved twin triodes because of its peak power 
capabilities. Slightly higher pulse amplitudes were 
obtainable with the 12AT7. However, no emission 
test is required of the 12ZAT7 by MIL-E-1B, and 
reliability reports ! indicate its cathode does not 


normal Ey, —10% Ezy —10% 
ite eee 270v____-_------.--.| 300v. 
Febustocccde 6.38v____..._._______] 5.6v. 
eat ears 30v__.-_-__-_____--| 30v. 

Se meet ee tal 0.08usec____.._.----] 0.08 usec. 
taki enter’ 0.22usec______.____-| 0.17 usec. 
whet oe 1.5usec___----------| 1.35ysec. 
as ae eee 185v_.__-_._-_-_.-_| 190v. 
Sheen beets 8 O.lysec._.-_-------- 0.1 usec. 
Li edsetocens 1.4ysec__._..-._--_-] 1.3 usec. 
ys ae ces 26Vi =~ ns ees nce ees!) Lily, 
Setlewwadewes O.lysec___.-.._....-| 0.lysec. 


specified for PC 46 and within the manufacturer’s 
specifications except for pulse width. The widths 
in some cases varied 50% from the value specified 
by the manufacturer. This can be expected unless 
the tube type and grid circuit capacitance are 
specified by the transformer manufacturer. 


Unity turns-ratio between plate and grid will 
approximately match the grid and plate imped- 
ance of a 5814A in the positive grid region. This 
ratio results in ‘best over-all performance of the 
circuit. A two to one step-down between plate and 
grid will produce higher amplitude voltage pulses 
(outputs 2 and 3) and will widen the pulses at all 
outputs. Stepping up the grid voltage will 
increase the current pulse amplitude (outputs 1 
and 4). 


1 Aeronautical Radio, Inc., General Report No. 1, Investigation of Electron Tube Reliability in Military Applications, 


Jan. 4, 1954, p. 55. 
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NBS PREFERRED CIRCUIT NO. 47 
TRIGGERED BLOCKING OSCILLATOR FOR FAST RECOVERY 


Unless otherwise stated: 

Rinohms; Col inuxyf; C<lin pf; 
Lin ph 

R7,0—220 ohms 

R8, 3.3K to IOK 


Pulse spacing usec R3 R4 
12:0 6020.2 2s soos. oc seeSoe hose tech eos CW fl 7 ar eae ee 4.7Ko 
600:500 20. wen eee ee cee te sede’ 100K 02 weet se te eeuslss oe 10Koa 


R8 used if required to prevent ringing. 
R7 may be determined by assuming peak pulse current is 200ma. 


Input: 
Maximum duty factor 0.05. 
Trigger amplitude 30v. 
Output: 
Pulse width 0.1 to 2usec 
Rise time ! 0.05 to 0.25usec 
Amplitude! 0 to 40v. 
Impedance R7. 
Delay (start of trigger to start of output): 0.15 to 0.25usec. 
R3,R4: +10%; R1,R2,R5,R6,R7,R8: +20% limits. AllC: +20% limits. 
Nore: 
1. Open circuit amplitude and rise time are specified. 


\ Determined by transformer T]. 
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PC 47 TRIGGERED BLOCKING OSCILLATOR FOR FAST RECOVERY 


1. APPLICATION 


PC 47 is a triggered blocking oscillator designed 
to respond to trigger pulses which are separated by 
only a few microseconds. Applications for this 
circuit occur in distance-mark generators and in 
circuits where antenna position information must 
be relayed to a remote indicator. 


2. DESIGN CONSIDERATIONS 


PC 47 is similar to PC 46. The circuit has been 
modified slightly to permit the blocking oscillator 
to be triggered by pulses separated as little as 
12usec. 

The time constant in the blocking oscillator 
grid circuit has been reduced. The limiting values 
for C2, R3, and R4 are discussed in PC 46. 
The minimum value for C2 is 1500upf if the trans- 
former is to retain control over the pulse width. 

The plate voltage has been reduced from 300 to 
150v. This has two advantages. Reduction of 
the peak current through the tube permits use of 
a higher duty factor. It also reduces the bias 
required to keep the blocking oscillator cut off. 
This permits reducing R4 (to reduce the grid 
circuit time constant) without drawing excessive 
current from the bias supply. The values of R1, 
R2, and R3 have also been changed because of the 
change in bias voltages. 


The reduction in plate supply voltage also 
reduces the amplitude of the outputs. This is not 
a disadvantage in most applications of this circuit. 
If higher amplitudes are required, a 300v plate 
supply may be used if the bias is increased and 
duty factor decreased accordingly. 

Although the cathode output is the only one 
shown, any of the outputs shown in PC 46 may be 
used if required. Except for polarity, the output 
obtainable from a series resistor in the plate circuit 
is the same as the cathode output using the same 
resistance. The amplitude of the output at the 
plate or third winding of the transformer will be 
between 75 and 125v depending on the trans- 
former used. 

The remarks in PC 46 concerning tube type, 
transformer, and the effects of load and power 
supply changes also apply to PC 47. 

The performance of this circuit using a typical 
tube and transformer is shown in table 47-1. 


TABLE 47-1—Performance of PC 47 


Trigger amplitude___--__-_------------------ 30v. 
Rise titie=.. 2... bu2sve se esdes tenon secs 0.2 usec. 
Cathode output (R7=100): 
Pulse! widths s<25.2552ic5ecceccts secs 1.2usec. 
Amplitude_____----.-------------------- 20v. 
Rise times .-.:2325-2 5s see see te eet 0.25 usec. 
Delay between 10% amplitude points on trigger 
and output waveforms_-___-----.---------- 0.2usec. 


NBS PREFERRED CIRCUIT NO. 48A 
BLOCKING-OSCILLATOR PRF GENERATOR 


NBS PREFERRED CIRCUIT NO. 48A 
BLOCKING-OSCILLATOR PRF GENERATOR 


R4 


co IK 
10.047 


+ 300V 


Cl 
2700 


UNLESS OTHERWISE STATED: 
Rin onms, C>linupf; C< inuf; 


RI L inpeh. 


Re R3 3.3K TO 10K 


C1,R1, and R2 determine the pulse repetition period according to the equation 
T = (R1+R2)C1 ln E£,/E, 
where ££; = voltage across (R1+ #2) at beginning of discharge. 
E, = voltage across (R1+ #2) at end of its discharge. 
Actual values must be determined experimentally: for a first approximation assume HE; = 150v and 
E, = 18v. 
PRF: 200 to 2000pps. 
Frequency Stability: +5%. 
Output: 
Pulse width: 0.1 to 5.0usec 
Rise time: 0.05 to 0.5usec 
Amplitude: 100v 
Impedance: 7 4000. 
AllR: +420% limits. All C: 420% limits. 
Nore: Open circuit amplitudes are specified. 


| Determined by transformer T1. 
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PC 48A BLOCKING-OSCILLATOR PRF GENERATOR 


1. APPLICATION 


The blocking-oscillator PRF generator is used 
to generate a repetition rate where stability 
requirements are low. The output can be used as 
a trigger without further shaping. The principal 
disadvantage is the poor frequency stability. The 
circuit is particularly sensitive to changes in 
filament voltage; a 10% decrease in filament 
voltage may change the frequency as much as 
+2%. Other factors contribute an additional 1 


or 2%. 


2. DESIGN CONSIDERATIONS 


The period of a free-running blocking oscillator 
is determined principally by the discharge time 
constant in the grid circuit, as shown in figure 
48-1. However, since Cl partly determines the 


{a) BASIC CIRCUIT 


Ebb 


(b) GRID WAVEFORM eg 
Fig. 48-1 BLOCKING OSCILLATOR 


pulse width as well as the discharge time, the 
values of Cl, Rl, and R2 are best determined 
experimentally. 

If Cl is so large that its voltage does not change 
during the pulse, the pulse-width is determined by 
the transformer alone. As Cl is decreased the 
charge gained during the pulse causes its voltage 
to rise. Since the blocking-oscillator grid-voltage 
is the difference between the capacitor voltage 


and the voltage across the grid winding of the 
transformer, a rise of capacitor voltage causes 
the grid voltage to fall faster than when the action 
depends on the transformer alone. This shortens 
the pulse. 

The voltage across C1 must be allowed some 
increase because it becomes the initial voltage 
from which C1 must discharge during the interval 
between pulses. Values of C1 between 0.001 and 
0.01lyf are suitable in most cases. The size of Cl 
has no effect on the rise time of the pulse and 
negligible effect on amplitude. 

Since FR is large compared to the internal grid- 
cathode resistance of the tube when the grid is 
positive, it does not affect the charging of Cl. The 
value of R can be chosen solely on the basis of the 
discharge time constant required for the given 
period. In using the formula to determine 
R=(R1+R2), a useful first-approximation is to 
assume F;=E,,/2 and E;=E,,/u. R2 must be a 
sufficient fraction of R to be capable of changing 
the frequency about 40% to accommodate differ- 
ent tubes. 

The main factors affecting the frequency 
stability of the blocking oscillator are: 

(a) Thestability of R1, R2and C1: By careful 
component selection, RC can be kept: sufficiently 
constant with temperature changes to have a 
negligible effect. 

(b) Changes in tube parameters: These 
changes are negligible over the life of any particu- 
lar tube, but there are enough differences among 
MIL tubes of the same type to cause frequency 
changes as high as 20%. A number of circuits that 
have been suggested to minimize this effect are 
discussed in section 5.3 of ‘““Notes to the Preferred 
Circuits Manual.” 

(c) Changes in supply voltages: The magni- 
tude of these changes varies from tube to tube; in 
general, the effects are small except for a decrease 
in filament voltage. The PRF changes about 
+1.0% with a +10% change in plate voltage or a 
10% increase in filament voltage. A 10% decrease 
in filament voltage may cause a +2% change in 
frequency. In addition, there are random short 
time frequency changes of a few tenths of a 
percent. 

The preferred circuit consists of a free-running 
blocking oscillator, transformer-coupled to a 
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cathode follower. The circuit includes a 1502 the 10Ko cathode resistor is about 0.9. The high 


cathode resistor to minimize the change in fre- cathode resistance results in a very long fall time, 
which is generally not objectionable in synchron- 
izing pulses. If less amplitude is permissible, a 
The cathode follower is included to minimize the _ reduction in the resistance of R5 will improve the 


effects of the load on the frequency. Its gain with output waveshape (see PC 43). 


quency with change in filament voltage. 


NBS PREFERRED CIRCUIT NO. 49 
SERIES-TRIGGERED BLOCKING OSCILLATOR 


NBS PREFERRED CIRCUIT NO. 49 
SERIES-TRIGGERED BLOCKING OSCILLATOR 


Unless otherwise stated: +300V 
Rin ohms, R5 
Colin pyf; C<lin pf; 1K 
Lin zh. 
im C3 
R6, R7, oTo 220 Re: = oGar 
R8 3.3K To 10K a 
04 
es sie aa 2 
= Hi 
lees" 
t “ir 
02 
S8I4A 5814A 
TRIGGER ©! vi v2 
ae aa ee eeu 
1000 
C2 
L Ol 
2200 
RI R2 R3 R4 R7 
220K S 47K 220K $ 47K 
- = -I5sOoV => = 


R6 may be determined by assuming peak plate current is 250ma. 
R7 may be determined by assuming peak cathode current is 330 ma. 
R8 used if required to prevent ringing; may be supplemented by a diode to eliminate overshoot. 


Input: 
PRF 200 to 2000pps. 
Trigger amplitude: 30v to 50v. 
Output: 
Pulse width: 0.1 to 5.0usec 


Rises 0.05 to 0. SY Determined by transformer T1. 


Terminal___.__....-------- | epee te ee ) ae eee Bi ose eee 4 
Polarity__.....---------- _- Positive_-_---- Negative__._.--- Either_____.---- Negative 
Amplitude l_____-_..------ 0 to 70v____-- 120 to 180v____- 120 to 180v___-- 0 to 50v 
Impedance____.----------- PYR7____----- Z,of T1l___...-. Z, of T1_------- ~~ R6 
Maximum load C ?____.__-- 500uuf 10upf_._.--.---- 10upf___..------ 500upf 


Delay? 0.1ysee to 0.2usec. 
R3,R4: +10%; Ri,R2,R5,R6,R7,R8: +20% limits. AllC: 420% limits. 
Notes: 
1. Open circuit amplitudes are specified. 
2. Shunt capacitance above the maximum specified will affect the wave shape of the blocking oscil- 
lator. 
3. Delay measured between start of trigger and start of cathode output. 
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PC 49 SERIES-TRIGGERED BLOCKING OSCILLATOR 


1, APPLICATION 


Although the applications are basically the same 
as for the parallel-triggered type, the series- 
triggered blocking oscillator will respond to a 
more slowly rising trigger and requires a low 
impedance trigger source. There is considerable 
reaction on the trigger even if a cathode follower 
is used for triggering. 


2, DESIGN CONSIDERATIONS 


PC 49 is a series-triggered blocking oscillator 
employing a 5814A. Except for the method of 
triggering, the circuit is the same as PC 46. The 
data on bias and outputs in PC 46 also apply to 
PC 49. As in PC 46 the 5814A was chosen on the 
basis of its power and current rating. Any pulse 
transformer that will furnish the desired pulse 
characteristics may be used. 

One of the triodes is used as a cathode follower 
to obtain a low impedance and to provide some 
isolation between blocking oscillator and trigger 
source. Even with the cathode follower, PC 49 
is likely to load the circuit preceding it. Since 
the effective resistance of the cathode follower 
output is low compared to R4, the larger part of 
the blocking oscillator grid current flows through 
‘R2 and this current is sufficient to drive the 
cathode follower grid positive. This will not 
interfere with the operation of the blocking oscil- 
lator, but the effect on the trigger source should 
be considered. A diode in parallel with R2 with 
cathode connected to V1’s cathode will minimize 
this effect. 

The cathode follower is not essential to the 
operation of the circuit. C2 may be connected to 
any low impedance trigger source if the grid cur- 
rent flow during the pulse is not detrimental to 
trigger operation. If the impedance of the trigger 
source is a few hundred ohms, the operation 
will be the same as with the cathode follower. 
Impedances of several thousand ohms are per- 
missible if decreases in pulse width of 20% are 
not objectionable. 

There are two principal sources of delay in any 
blocking oscillator circuit: the time required for 
the blocking oscillator grid voltage to rise to its 
cutoff value, and the interval between the time the 
tube conducts and the time that regeneration 
occurs. The latter is a function of the transformer 


inductance and tube type and is essentially the 
same for either a series or parallel trigger. The 
former depends on the trigger amplitude and rise 
time, the gain of the trigger amplifier, and the 
fixed bias on the blocking oscillator. 

The series trigger minimizes the delay by elim- 
inating the transformer as a coupling element 
between the trigger tube and the blocking oscil- 
lator grid. This reduction of the delay is partly 
counteracted because the requirement for a low- 
impedance trigger source necessitates the use of a 
cathode follower with resulting loss in trigger 
amplitude. The parallel trigger compensates for 
the delay associated with the coupling transformer 
by providing amplification in the trigger tube. 
When pulse widths shorter than one microsecond 
are desired, however, the transformer inductance 
is only a few tenths of a millihenry and the trigger 
amplifier gain is near unity. In this case the series 
trigger results in less delay. The series trigger is 
also necessary when a slowly rising trigger is used. 

As part of the grid return path, C2 partly 
determines the pulse width and its capacitance 
should be kept high to realize the rated pulse 
width from the transformer. As part of the trigger 
coupling network, the capacitance of C2 should 
be kept high to minimize the trigger attenuation. 
A maximum is set by the time constant R4, C2 
which must be low enough to permit C2 to dis- 
charge to the fixed bias before the following 
trigger occurs. A longer time constant will cause 
V2 bias to rise, increasing the delay. 

If the interval between trigger pulses is short, 
the time constant in the grid circuit should be 
reduced as follows: 


Pulse spacing C2 R3 R4 
12 to 60usec________-__------- 680uef . . . _22KQ_._4.7KQ 
60 to 500usec_-_-_----------- 2200uuf . . .47KQ_._10KQ 


The value of 680upf for C2 will reduce the pulse 
width about 25%. R5 should be reduced to 3300 
in both cases. 

Supply voltage changes have little effect on the 
operation of the circuit. Filament voltage changes 
of 10% have negligible effect. Plate voltage 
changes of 10% result in 10% amplitude changes 
and a slight change in pulse width. This effect is 
minimized if both plate and bias supplies change 
simultaneously. 

Table 49-1 (p. 49-4) gives the performance of 
this circuit. 
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TaBLE 49-1 

Performance of Series-Triggered Blocking Oscillator 
Trigger 

Amplitudé22:22 22252422543 et ee ee ete 30v. 

Rise time.---.--------------.---------- 0.07 usec. 
Delay. Shcecetotetedsstete ses tocccen 2 0. 1ysec. 
Third winding output: 

Pulse width..-..-....-.-____---_--_____- 1.3ysec. 

Amplitude._..._....-.-2.2-----__-_--_- 175v. 

Rise titie:c22 22 ceeuiacGssee deecees nese 0.16ysec. 
Cathode output (R7 = 1000): 

Pulse width____..__-___-_-___-------_-_-- 1. 1ysec. 

Amplittide--.22ucccctoeeicceeeeneees 38v. 


Rise time________.__.-_--1_------------ 0. 20usec. 


NBS PREFERRED CIRCUIT NO. 50 
BLOCKING OSCILLATOR PULSE-FREQUENCY DIVIDER 


NBS PREFERRED CIRCUIT NO. 50 
BLOCKING OSCILLATOR PULSE-FREQUENCY DIVIDER 


R6 3.3K TO IOK (see note!) 
R7 15 TO 220 ohms 


Cc 
+TRIGGER 


Unless otherwise stated: 
R in ohms; 

C>l inupf, C<I inpf 
L inzeh 


Blocking oscillator PF dividers are used for division of the input pulse frequency by 2, 3, 4 or 5. 


Output PF___ >300pps__-.300 to 600pps____ >600pps 


0) eee eee a 1500upf..__ -- 1000uuf.____ 470upf 
2 Re(max.) & T/0.7C_____ Rg(min.)  T/2.2C 
3R1= Rg(max.)— Rg(min.)_._. R2=Rg(max.) —(R1+18Ka) 

Input Output 
PRertsossoh cSacesoccctathesthe eel ete seco aie een 400 to 10,000pps____-. 200 to 2,000pps 
Duty ecycle__.._-__--.----- 2 eee sete Sate tad Steed thie sa tetas 0.05 max. 
Pulse amplitude____...___..----__--_ 2 eee 380vV+10%___-------- 70v max, 
RiseAames 2 a2 Pos eee at besa en aus bees We cee cues outset 0.05 to 0.13usec 
Polarity 222222220 22520 so 033525 ote dak Seale Positive_____.-..--_- Positive 
Pulse widthn2.: 8. 22 veut ee se et le ee Sl a a cht Determined by T1 
Impedance_________________.-------- 2 ee 400 ohms max.______- R7 
Delay %s. isso oe SO eg ais Ca aa mnet Gate eee Se ae eee 8 0.1 to 0.25usec 


R3,R4: +16%; R1,R2,R5,R6,R7: +20% limits. AllC: +20% limits. 
Nores: 
1. The maximum resistance which just prevents ringing should be used so that loading is minimum. 
2. Total resistance required in the gird circuit for an output pulse spacing of T microseconds. 
3. Use the nearest preferred resistor values. 
4. See PC 46 for other possible outputs. 
5. Between the 10% points of the input and corresponding output pulses. 
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PC 50 BLOCKING OSCILLATOR PULSE-FREQUENCY DIVIDER 


1. APPLICATION 


Blocking oscillator pulse-frequency dividers 
produce equally spaced pulses at a submultiple of 
the trigger pulse-frequency. In radar circuits, 
frequent uses are to divide down from a high to a 
low pulse-frequency (PF) and to produce distance 
marks. 


9. DESIGN CONSIDERATIONS 


PC 50 employs one-half of a 5814A twin 
triode or its equivalent in a blocking oscillator 
frequency divider, which can be adjusted to divide 
by any number between two and five. Division by 
more than five is possible but not recommended 
because operation is likely to be unstable. 
Basically, the circuit is a series-triggered blocking 
oscillator adjusted so that it fires on the second to 
the fifth input pulse, depending on the division 
desired. 

The cathode output is shown because it is 
normally used in this application of blocking 
oscillators. However, any of the other outputs 
shown in PC 46 can be used if the precautions 
noted are observed. 

The bias voltage is chosen on the basis of the 
trigger amplitude, triggering level, stability of 
count, and range of cutoff voltages, which for a 
5814A is —16 to —19v. The bias voltage used 
is —27v. 

The most desirable triggering level in this type 
of frequency divider is the point on the exponen- 
tial grid voltage where the discrimination between 
the desired trigger and those immediately adjacent 
is maximum. Where this maximum change occurs 
is explained in Sec. 7.3 of the Notes. The level at 
which the change occurs depends on the initial 
voltage across the coupling capacitor (H as shown 
in fig. 50-1) and the discharge time constant 
T/R,C, where R, is the resistance in the grid 
circuit, C is the coupling capacitor, and T is 
the period in psec between output pulses. 

The value of C1 was chosen on the basis of its 
effect on the initial grid voltage, the trigger 
amplitude, and the output pulse width. Small 
values of C1 are required for maximum initial 
grid voltage, essential for maximum stability at 
high divisions. Large values of Cl are desirable 
for minimum attenuation of the trigger amplitude 
and output pulse width. (See Notes, Sec. 7.3) 


392077 O -56 -8 


VOLTAGE ACROSS C1 


Fig.50-1 


A reasonable compromise in the value of C1 is 
about 500uuf. In this design larger capacitors 
(up to 1500uuf) are used only where necessary to 
limit total grid resistance required (for long output 
pulse spacings). 

Since the impedance of the trigger source limits 
the initial voltage to which the coupling capacitor 
charges, its value should be less than 400a, result- 
ing in a reduction in £ of less than 10%. 

Theoretically, there is an optimum trigger 
amplitude for each tube and transformer. To 
permit triggering with a 30v pulse for tubes within 
MIL-E-1B specifications and pulse transformers 
whose capacitor voltage, HZ, varies over the range 
50v to 150v, the grid resistance must be variable 
between the limits given for R,(max.) and 
R,,(min.) on the data sheet. 


3. PERFORMANCE 


This circuit will operate stably with small 
simultaneous variations in supply voltages and in 
trigger amplitude—at least +10% for plate bias, 
and filament supplies and +10% for Hive 
amplitude—without readjustment of R1. (Origin- 
ally, R1 should be adjusted halfway between the 
position for a division (n—1) and that for a 
division of (n+1), and will require readjustment 
only when a tube or component is replaced). 

The output pulse amplitude varies +10% with 
tubes of MIL specification limits for a given trans- 
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former, and for different transformers, varies The pulse delay increases with increasing 
+20%. The effects of load resistance and trigger rise time and varies slightly between 
shunt capacitance on these outputs can be judged _ different transformers for the same trigger rise 
by the shunting effect on R7. time (see PC 51). 


NBS PREFERRED CIRCUIT NO. 51 
BLOCKING OSCILLATOR DISTANCE-MARK DIVIDER 


NBS PREFERRED CIRCUIT NO. 51 


BLOCKING OSCILLATOR DISTANCE-MARK DIVIDER 


R5 3,3K to |IOK (See note |) 
R6 O to 220 ohms 


Unless otherwise stated: 


Rin ohms, 
Colin wut; +TRIGGER 
C<l inpf. ° 
470 
Input pulse Division Output pulse Rl T\ output pulse 
spacing (usec) by— spacing (usec) (Q) width (usec) 
12.2 or 15.25___.__-_____- bor dee Olas 6. orcas eer S2 250K. .-...-.------- 0.5 
20.33 or 30.5___.-____--- OOP 2 ties GV nee one oe eee 250K__.____..__--___ 0.5 
Gle 2c. etn Deseo see eres 2and 3_._ 122 and 183____._.._-____ 500K _____.--.----_- 1.0 
4 and 5.74/48 and $# 3057... abit. O07..... 1. On 
2 ia rae 2and 3_._ 244 and 366_________---- IMe 2 cGes2.eseecsied 1.5 
4and 5... 488 and 610___..__.___-- DO Mide aeons AS 
Input Output 
Duty cycle: 22252. fe. Ses eo ce See eee ee ee Seeman eects Settee oh 0.05 max 
Pulse amplitude_________-__------------ 30v + 10%_._-.-_-------------------- 70v max 
Rise time__........__-___- he Ms heft e 0.13usec Max..__-__.__-_ 22 eee 0.05 to 0.25usec 
Polarity ?___._.._.-..-_.-.------------- POSILIVES 2st hte lt of Le lel ed ats Positive 
Pulse width:..222 oes. oo oe be Son eee ae weet Settee eee tacos se 0.5 to 1.5usec 
Impedance ______________-_-_-_--_-__---- 4000 max.__.._______-. 22 e = R6 
Pulse delay 34.6 c:32te treo hd A chia cats et Ate oe hott Dade ahh the knee hoe ne De 0.25usec max. 


R2,R3: +10%; R1,R4,R5,R6: -+20% limits. All C: 
Nores: 


-£20% limits. 


1. Use maximum resistance that will prevent ringing. 


2. See PC 46 for other possible outputs. 


3. Measured between 10% points of input and output pulses. 
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PC 51 
1. APPLICATION 


Often the input to a blocking-oscillator divider 
is a pulse train. One of the most common applica- 
tions of blocking-oscillator dividers is the genera- 
tion of distance marks in radar equipment. When 
several different distance marks are to be dis- 
played simultaneously, cascaded dividers are 
frequently employed. 


2. DESIGN CONSIDERATIONS 


PC 51 employs one half of a 5814A twin triode 
or electrical equivalent. The general principles of 
blocking-oscillator dividers are explained in PC 50. 
In PC 51 definite frequencies are known and 
the grid circuit values can be specified. Since 
operation is periodic, fixed bias must be used. 
The cathode output affords a convenient means 
for cascading dividers although any of the outputs 


BLOCKING OSCILLATOR DISTANCE-MARK DIVIDER 


shown in PC 46 may be used. Division by more 
than five in any one stage is not recommended. 

Maximum pulse widths of distance markers are 
determined by the resolution required on the 
viewing device. The adjustment, R1, in the grid 
circuit is required because of the wide range of 
initial voltages (about 3 to 1) among pulse 
transformers and the variation of grid current 
flow between tubes. The trigger amplitude limits, 
therefore, are the same as in PC 50. 

As was pointed out in PC 50, a small coupling 
capacitor is most desirable in the design since a 
large initial voltage is necessary, especially at 
divisions of four and five. The use of a large 
capacitor is nevertheless consistent with limiting 
the maximum total grid resistance. In this design, 
however, the lowest output pulse frequency, 
1650pps, is greater than that prescribed in PC 50 


CHANGE OF DIVISION RATIO 
ERSUS 
VARIATION IN TRIGGER AMPLITUDE 


50 
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Fig. SI-l 
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as the low limit when using a 470uuf coupling 
capacitor, justifying the use of 470upf for all the 
distance dividers. 

The adjustment, R1, permits variation of the 
parameter T'/R,C (where T is the period between 
output pulses in microseconds and R,C is the grid 
circuit time constant) between the limits 0.7 and 
2.2 to accommodate a 30v trigger regardless of the 
transformer being used. This adjustment should 
be set half-way between that needed fér a division 
of (n—1) and (n+1), where 7 is the desired divi- 
sion. Under these conditions no readjustment 
should be needed if variation of circuit parameters 
are within the limits specified. 


3. PERFORMANCE 


The trigger amplitude may vary at least +10% 
before the divider designed for a division of five 
becomes unstable (fig. 51-1). The permissible 
variation is greater for smaller divisions. The 
output amplitude varies within +20% for a given 
cathode resistor for transformers whose initial vol- 
tages are between the limits of 50v and 150v, and 
tubes within MIL-E-1B specifications. The 

20 


a 


TRIGGER RISE IN MICROSECONDS 
ro) = 
a ro) 


0 Ad .20 


CHARACTERISTIC OF TYPICAL TRANSFORMER 
USED IN BLOCKING OSCILLATOR DISTANCE MARK DIVIDER 


pulse delay is small for trigger rise times ranging 
from 0.05 to 0.13ysec, but is large for trigger rise 
times of 0.15usec or larger (fig. 51-2). If the 
trigger rise time is 0.1ysec or less, the pulse delay 
is less than 0.2usec (equivalent to a delay of less 
than 35 yards). 

The divider remains stable with the following 
supply voltage changes. The division (of five) 
remained the same without readjustment: (1) as 
the plate supply voltage varied between 200v and 
500v, (2) for a heater voltage change from 5.1 to 
8.5v, and (3) for +10% variation in the bias sup- 
ply, these changes not occurring simultaneously. 
When a tube is replaced, R1 should be adjusted 
as described above. The output pulse width is 
unaffected by the input pulse width except when 
they are within +15% of each other. This 
lengthens the output pulse width slightly (usually 
less than 10%). For a given transformer, the 
pulse width obtained in a divider of this type is 
narrower than in triggered blocking oscillators 
designed for lower PF’s (PC 47). This is due 
chiefly to the small coupling capacitor required in 
this design. 


OUTPUT PULSE DELAY VS TRIGGER RISE TIME 


30 40 50 .60 


OUTPUT PULSE DELAY IN MICROSECONDS 
Fig. 51-2 


NBS PREFERRED CIRCUIT NO. 53 
PULSE AUTOMATIC FREQUENCY CONTROL, 30 MC IF 


NBS PREFERRED CIRCUIT NO. 53 
PULSE AUTOMATIC FREQUENCY CONTROL, 30 MC IF 


Unless otherwise stoted: 


30mc IF R in ohms; 
+ISOV C>l in LHF, C<l InLf; 
Lin ph 
RI R4 DISCRIMINATOR 
220 220 (SEE NOTE !) 
SLI BL2 
Vi 1000 V2 
5654/ 5654/ 
6AKSW 6AK5W 
FROM AFC 
MIXER \Q C2 NI C5 
1000 1000 
R2 R3 RS 
220 2.2K 220 
C4 
!000 = 1000 
Components: 
R23,R24,R25,R27: See section 2.7 (e). 
C12=C13 ou puf, where f, is the desired search frequency. 


f, 
R3,R10: +5% limits; all other R: +20% limits. (Note 3) 
C6,C7: +5% limits; all other C: +20% limits. 
Operating characteristics: 
Input: 


Waveform. 2: 32 0-e oe ete ee ee ded adaee assessed -- Pulsed rf 
Center frequency.____._____-_--_.--_-----._---_-- ._. 30 me 
Pulse-widths. 6.2.25 20.0. c ei ten Melos ye ee ee __ 0.5 to 5.0 usec 
Pulse amplitude sj..Jco0 ote lees. ees edad .. 200 mv peak (Note 4) 
Duty factor__._--.----.--------~----------------_-- 0.0002 to 0.001 
Maximum harmonic ratio.____________.--___________- —26 db 
Output: 
30 me < input frequency < 32 me 
Wavelorily 2.0. %escuas eee eso ews ade Yai ables, $75 
RGN a2 2G ai 2a de Gos Setter Seca a ee & 1096 to EP volts 


Renge-center 
Average Level 
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PREFERRED CIRCUIT NO. 53 (Continued) 


VIDEO SEARCH CONTROL 
AMPLIFIER STOPPER CIRCUIT 


-_ 
REPELLER 
(NOTE 2) 


R24 


R27 


“0 7 
6.3V TOV7& = | RANGE SET 
V8 HEATERS - 
0 < fin < 30 me; 82 me < fin < © 
Wav éforin=..<222 «2.0 ee Saree ees oaceenoetece Sawtooth 
Brequeneyec..2222222 25252555258 55252Suctet Set esses 0.1 to 10 eps 
Am plitude: ss< 253.4 eases bcc seeiee Se essl Sues: 20 to 150 volts 
Average level_______.-___-----.-------------------- 0 to —200 volts 
Recovery time_______-_-_-------------------------- 0.5% of sweep period 
Power requirements: 
+150 volts de +1%___.____.___------_-- 35 ma maximum 
—300 volts de +1%______--___-_-----_------------------ 7.6 ma maximum 
6.3 volts ac +10% (grounded) -._-.-.-____-_-_-_--------- 1 ampere 
6.3 volts ac +10% (returned to —300v)___-_______________- 0.475 ampere 
Nores: 


1. The discriminator output is of the correct polarity to maintain the frequency of a klystron 
local oscillator 30 mec above the transmitter signal. 

2. If the line to the local oscillator control element is long, bypassing should be provided at 
the local oscillator. An RC circuit with a time constant not greater than 5% of the pulse repetition 
period is sufficient. 

3. The performance specifications are based on component values which do not deviate from 
the nominal by more than the limits specified above. Thus, the term “limits” includes the initial 
tolerance plus drifts caused by environmental changes or aging. 


4. See section 2.2 for other input levels. 
Aug. 1, 1958 53-3 
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PC 53 PULSE AUTOMATIC FREQUENCY CONTROL, 30 MC IF 


1. APPLICATION 


PC 53 is intended for use in pulse modulated 
systems to maintain a difference of 30 me 
between the transmitter and local oscillator 
frequencies. The preferred circuit (shown on 
pages 53-2 and 53-3) will maintain the local 
oscillator at a frequency 30 me higher than the 
transmitter frequency. If the local oscillator 
is required to operate at a frequency 30 mec 
lower than that of the transmitter, the dis- 
criminator diodes, V3 and V4, should be re- 
versed. In either case, the circuit must be 
adjusted so that the local oscillator will not 
sweep through the image frequency or it will 
lock improperly on the wrong sideband. (See 
Notes to the Preferred Circuits Manual, 
section 13.3 (b).) The circuit is classified as a 
hunting system,’ since the local oscillator is 
swept over a band of frequencies to find the 
correct operating point. 

Applications are restricted to systems em- 
ploying pulse widths between 0.5 and 5 usec at 
duty factors between 0.001 and 0.0002. The 
circuit is designed for a signal level of 200 mv 
at the input to the IF amplifier, but provisions 
are made for changing the amplification to 
accommodate input levels between 50 and 500 
mv. The harmonic ratio must be less than 
0.05. Although the circuit is normally em- 
ployed with a klystron local oscillator, it may 
be used with any local oscillator whose fre- 
quency can be controlled by a voltage change 
of 20 to 150 volts at an average level between 
0 and —200 volts. 


2. DESIGN CONSIDERATIONS 


PC 53 includes the portion of the afe circuit 
between the mixer and local oscillator, as 
shown in figure 53-1. 


2.1 General: The following design considera- 
tions, although they apply to portions of the 
afc system not included in PC 53, are discussed 
because they affect the design of the preferred 
circuit. 


1R. V. Pound and E. Durand, Microwave Mizers, 
Rad. Lab. Series, vol. 16, McGraw-Hill, N. Y., N. Y., 
1948, p. 295. 
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Figure 53-1.—Location of PC 53 in a typical radar 
system 


(a) Input coupling network: The choice of 
input coupling network is left to the user since 
the design will depend on the crystal and mixer 
selected, and to some extent on the capacitance 
of the cable between the mixer and the afc 
chassis. The bandwidth of the input circuit is 
not governed by noise or sensitivity consider- 
ations, and should be made sufficiently wide so 
that the over-all bandwidth will not change 
appreciably with variations in circuit param- 
eters caused by changing crystals. 

(b) Input level: The signal level at the 
input to the first IF stage depends on the 
characteristics of the mixer and the input 
coupling network. It can be varied over a 
limited range by adjustment of the transmitter 
sample and local oscillator power, but these 
adjustments also affect the harmonic output of 
the mixer. The survey of recently designed 
equipment (see Notes to the Preferred Circuits 
Manual, section 13) and the literature indicate 
that the signal level at the IF input is usually 
between 50 and 500 mv. PC 53 is designed 
for a 200-mv signal level. If system consider- 
ations dictate a different input level within the 
50- to 500-mv range, PC 53 must be modified, 
as indicated by Table 53-1 and section 2.2. 

(c) Harmonics: The harmonics found in the 
mixer output tend to produce locking when the 
difference frequency is a submultiple of the 
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intermediate frequency.? (The afe circuit re- 
sponds to the second, third, fourth, etc., 
harmonic of the difference frequency.) As 
noted, the harmonic content of the mixer output 
can be varied, but the adjustment is not 
independent of signal level. A maximum 
harmonic ratio, the ratio of the second harmonic 
to fundamental component of crystal output 
voltage, of —26 db is specified to assure proper 
performance of PC 53 over the range of condi- 
tions under which it must operate. 

The amplification of PC 53 is adjusted to 
raise the minimum input signal to a level which 
will cut off the phantastron completely under 
minimum performance conditions. This is 
five times the amplification required to cut off 
the phantastron for the combination of pulse 
width, prf, tube condition, and supply voltage 
which gives maximum performance, and it is 
approximately ten times the amplification re- 
quired to raise the signal to a level which will 
just arrest the sweeping of the phantastron 
under maximum performance conditions. Since 
harmonics will cause improper operation ef the 
afe circuit if they develop sufficient bias to stop 
the sweeping of the phantastron, the —26 db 
harmonic ratio at the mixer output is reduced 
to a factor of two at the phantastron grid. 

This margin can be increased by operating 
the local oscillator at a higher frequency than 
the transmitter. About 80% of the phantastron 
grid voltage appears as bias across the search 
stopper diode, V7. This bias must be over- 
come by the signal before the diode conducts 
and allows the phantastron bias to build up 
sufficiently to arrest the sweeping action. The 
voltage across the diode is twice as large at 
the beginning of the sweep as at the end, since 
it is proportional to the phantastron grid volt- 
age (fig. 53-2, p. 53-10). Therefore the circuit 
tends to discriminate against small signals that 
occur near the beginning of the sweep. 

Crystal harmonics are produced when the 
separation between the local oscillator and 
transmitter frequencies is less than the 30-mc 
IF. When the local oscillator is set to operate 
at a higher frequency than the transmitter, the 
difference frequency increases during the phan- 


2 Ibid, pp. 298-299, 314-315. 


tastron sweep. Harmonics, if any, are pro- 
duced near the beginning of the sweep where 
the discrimination against small signals is most 
favorable. When the local oscillator frequency 
is set lower than that of the transmitter, the 
difference frequency decreases during the sweep, 
and harmonics are produced near the end of 
the sweep where they are more likely to cause 
locking. The fact that the correct difference 
frequency is encountered earlier in the sweep 
than are the harmonics does not assure proper 
locking, since, for instance, momentary inter- 
ruptions of the transmitter signal might cause 
the local oscillator frequency to sweep from 
the correct operating point through the harmon- 
ics before returning to the correct operating 
point. 


2.2 Amplification: The amplification of PC 
53 from input to search stopper is fixed by 
the harmonic ratio. For the 200-mv input 
level specified, the component values given for 
the preferred circuit (see pp. 53-2 and 53-3) 
result in an amplification which is sufficient 
to minimize the possibility of locking improperly 
on harmonics and to assure control of the 
local oscillator under minimum performance 
conditions. 

Since the search stopper output is fixed by 
the phantastron bias requirements, the amplifi- 
cation required in PC 53 is inversely propor- 
tional to the signal level at the input. The 
eleven levels indicated in table 53-1 are suffi- 
cient to cover the range between 50 and 500 
mv. For signal levels within +10% of these 
inputs, satisfactory performance will be ob- 
tained using the resistor values given in the 
table. If the input signal level lies between 
two of the levels, either adjacent level may be 
chosen. Selection of the load resistors associ- 
ated with the lower level will result in a smaller 
operating error at the expense of some loss in 
harmonic rejection. The reverse is true if the 
higher input level is chosen. 

Most of the change in amplification can be 
obtained by selection of the video ampliffer 
plate load resistance. At the extreme input 
levels, however, a change in IF amplification is 
required as well. Change of the IF amplifier 
loading is permissible to a limited extent be- 
cause the bandwidth requirements are not rigid. 
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TaBLeE 53-1. Modifications required for input levels 
between 50 and 500 mv. 

Input signal level (millivolts) R3 (ohms) | R10 (ohms) 
60sec. 22222 ec ccteceees Fee ee ae 2.7K 33K 
[Oriented 25 tose senadnatieessece 2.7K 22K 
OOo sence tee ence Meese oats 2. 2K 22K 
110 nde sec ono se eae tees ee 2. 2K 15K 
19622 eg Selte ge ee eae SS 2.2K 10K 
11 1s eens See ete Al ee Aerie 2. 2K 6. 8K 
200. vison tees stages sieletee oe 2, 2K 4.7K 
2502 Uo . det ot kote eecedetteetete 2.2K 3. 3K 
£0) oe ee ee 2.2K 2.2K 
BIOs ee oes Bc ee Sette 1.5K 2.7K 
AB ehh ie ta a hh Sp Bg el oe 1.5K 2. 2K 


The 60 and 75 millivolt inputs are not recommended 
for pulse widths less than 0.75 usec. The load 
resistor values are correct for any input within 10% 
of the level indicated. 


Input levels below 90 mv are not recommended 
since the gain-bandwidth requirements cannot 
be fully satisfied at these levels. 


2.3 IF Amplifier: The bandwidth of afc 
IF amplifiers is usually made 3 to 4 times the 
reciprocal of the pulse width. While this is one 
and one-half to two times the discriminator 
peak separation, the extra bandwidth is desir- 
able because it permits slight re-adjustment of 
the crossover frequency without retuning the 
amplifier. 

The 6- to 8-me bandwidth is required for the 
one-half microsecond pulse. The total tube 
capacitance across the plate of the first IF 
amplifier is between 6 and 8 wuf. An additional 
5-uuf stray capacitance was assumed in deter- 
mining the inductance required for tuning and 
in fixing the maximum load resistor value at 
2.7KQ. The inductance must be variable 
through a range of about +10%to accommo- 
date the range of 5654/6AK5W capacitances 
permitted by MIL-E-1/4A. The load for the 
first stage is provided by the grid resistor of the 
following stage. 

The coupling between the second IF stage 
and the discriminator is a capacitively-coupled, 
double-tuned circuit. The equivalent load 
coupled into the IF amplifier plate circuit is 
about 5.6KQ in parallel with 7 yuf. This 
capacitance, together with strays and the output 
capacitance of the 5654/6AK5W, raises the 
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capacitance of the IF plate circuit to about 15 
wuf, requiring an inductance of 1.8 wh. A 
tuning range of +20% is recommended. No 
additional loading in the IF plate circuit is 
required to increase the bandwidth beyond the 
2 mc obtained with the reflected resistance. 

For most inputs, sufficient IF amplification 
is obtained using a 2.2KQ resistor as the grid 
return for the 4st IF stage. For the 60 and 

, SECony : : 

75 mv inputs, however, the IF amplification 
must be raised by increasing this resistance, R3, 
to 2.7KQ. This reduces the bandwidth to a 
point where satisfactory operation cannot be 
obtained at pulse widths less than 0.75 usec 
if the tube capacitances are near the maximum 
permitted by MIL-E-1/4A. On the other 
hand, the two highest inputs, 370 and 455 mv, 
require more reduction in amplification than 
can be conveniently obtained in the video 
amplifier alone. In these cases, part of the 
reduction in amplification is obtained by de- 
creasing the amplification of the first IF stage. 
The increase in bandwidth when R3 is reduced 
to 1.5KQ presents no problem. 


2.4 Discriminator: The discriminator peak 
separation is twice the reciprocal of the mini- 
mum pulse width so that a good average of the 
energy in the principal lobe of the pulse 
spectrum can be obtained. The required band- 
width is easily realized with standard compo- 
nents using the Weiss circuit. 

(a) Coupling capacitors: The 4-me peak 
separation is determined by the coupling capaci- 
tances, C6 and C7. These in turn are a func- 
tion of the plate-cathode capacitance of the 
diode and of stray capacitance between the 
discriminator inductance, L3, and ground.’ 
The distributed capacitance of L3 has negligible 
effect. The 10 and 15 uyf capacitors are correct 
for a diode capacitance of 3 wf and 5 uyf of 
strays. If the circuit capacitances are lower, 
C6 may be increased to 22 uf, or even to 27 
uuf, to obtain gross adjustment of the peak 
separation. No reduction of C6 will ordinarily 
be required unless the diode plus stray capaci- 
tance is considerably greater than 8 uuf. Since 
exact adjustment of the peak separation is 
unnecessary, no trimmer capacitor is used. 


3Ibid., pp. 308-312. 
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(6) Inductance: The discriminator inductance 
must resonate at 30 mc with the circuit capaci- 
tance, which includes the two coupling capaci- 
tors in series, the distributed capacitance of the 
coil, and the output capacitance of the circuit. 
The latter includes the diode capacitances, the 
capacitance of the video network, and the input 
capacitance of the video amplifier. The capaci- 
tance coupled in by the plate circuit of the 
IF amplifier is negligible. The total capaci- 
tance of the circuit, exclusive of strays, is about 
7.5 wuf. Since the strays add about 2.5 uf, 
the total circuit capacitance is 10 ywuf. Inductor 
L3 should be variable from 2.2 to 2.4 yh to 
permit adjustment of the crossover frequency. 

(c) Linearity: For a fixed peak separation, 
the linearity of the discriminator characteristic 
in the vicinity of crossover is a function of the 
bandwidth of the tuned circuits. The 1.7-mce 
bandwidth obtained with a 9.4KQ shunt re- 
sistance results in a discriminator output at 
any frequency within the middle 90% of the 
peak separation whose amplitude departs less 
than 15% of the peak amplitude from the 
tangent to the output characteristic at cross- 
over. Better linearity could be obtained using 
a lower Q but at the expense of output ampli- 
tude. 

(d) Video output: The video output signal 
is developed across the RC network which 
constitutes the load of the discriminator diodes. 
The energy of the IF pulse is stored in the cir- 
cuit capacitances during the pulse and dis- 
charged through the load resistors at its termi- 
nation. Pulse stretching improves the search 
stopper operation and can be accomplished 
without deterioration of the rise time because 
the leading and trailing edges can be controlled 
almost independently by adjustment of the 
load capacitance and resistance respectively. 

The load network must also furnish IF by- 
passing for the ungrounded diode, V3. The 
effectiveness of the bypassing is limited by the 
small load capacitance required for good video 
response and by the lack of direct bypassing of 
the lower diode load resistor, R9. 


‘Lawrence Baker Arguimbau, Vacuum Tube Cir- 
cuits, John Wiley and Sons, Inc., New York, N. Y.., 
1948, pp. 486-494. 


To maintain balance, the video response of 
each of the diode circuits must be equal at every 
instant during the pulse. Video unbalance 
results in incomplete cancellation of the video 
signal at crossover. During the leading edge 
of the pulse, a spike appears whose polarity is 
determined by the circuit with the shorter time 
constant, since the output voltage of this circuit 
rises more rapidly than the opposing voltage 
of the other circuit. During the trailing edge 
of the pulse, the overshoot is of the polarity of 
the circuit with the longer time constant, since 
its output decreases more slowly.5 The ampli- 
tudes of these unwanted outputs vary with the 
pulse width so that video unbalance causes the 
frequency at which the phantastron locks to 
vary with change in pulse width. 

During the formation of the pulse, the diode 
load resistors have little effect because they are 
shunted by the conducting diodes, and video 
balance is maintained by proper selection of the 
value of the load capacitors. Since capacitance 
across the diode load slows the pulse rise, it is 
added only to the circuit with the shorter time 
constant. 

At the termination of the IF pulse, both 
diodes become non-conducting. The coupling 
capacitors discharge through resistor R9, while 
the 47 uuf capacitor, C8, discharges through 
resistor R8. These two resistors are made un- 
equal to preserve the video balance as much 
as possible during the trailing edge of the pulse. 

(e) Output polarity: When wired as indi- 
cated in the circuit diagram, the discriminator 
output will be positive when the input frequency 
is less than 30 mc and negative when it is 
greater. This produces correct locking when 
the local-oscillator frequency is 30 me higher 
than that of the transmitter. (See Notes to the 
Preferred Circuits Manual, section 13.3 (b).) 
If the polarity of the discriminator output must 
be reversed because of system considerations, 
the diodes should be reversed, since less change 
in the circuit capacitance results. Interchang- 
ing the coupling capacitors will also reverse the 
output polarity, but this requires changes in the 
video network to maintain video balance. 


5 Pound and Durand, op. cit., pp. 305-307. 
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2.5 Video Amplifier: The error signal pro- 
duced by the discriminator is a series of pulses 
whose amplitude depends on the frequency of 
the IF input and whose polarity may be either 
positive or negative depending on whether the 
input frequency is lower or higher than 30 me. 
The positive pulses are not used. The negative 
pulses must be amplified before they can be 
used to develop the bias required to control 
the phantastron. The search stopper which 
follows the video amplifier requires a low- 
impedance signal source for best performance. 
The 5670 used as a video amplifier and cathode 
follower provides both the amplification and 
the low-impedance output required. Ampli- 
fications between 3.5 and 15 can be obtained 
by selection of the video-amplifier load resistor, 


R10. 


2.6 Search Stopper: The search stopper in- 
tegrates the video pulses to obtain bias to 
control the phantastron. Although a single 
diode would be sufficient, both halves of the 
5726/6AL5W are used. 

When the output of the cathode follower is 
positive, the capacitor in the search-stopper 
circuit charges through the diode and the 
output impedance of the cathode follower. 
When the cathode-follower output is negative, 
the diode is non-conducting and little energy is 
transferred to the capacitor since the resistance 
of the circuit is high. In the interval between 
pulses, the capacitor C11 discharges through a 
part of the grid resistance of the phantastron. 
The de level obtained is a function of the 
charge and discharge times and _ therefore 
depends on the duty factor. This dependance 
can be reduced by minimizing the resistance 
of the charging path and maximizing the 
resistance of the discharge circuit. 

As a result of the alternate charging and 
discharging, the signal across the diode load 
resistor is a sawtooth. (See fig. 53-3 (b). In 
this figure, the exaggeration of the time scale 
to show the pulse obscures the fact that the 
waveform is actually a sawtooth with a posi- 
tive spike at the leading edge.) Capacitance 
C11 determines the amplitude of this sawtooth, 
but has little effect on the de level because it 
affects both the charge and discharge time 
constants in the same way. 
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2.7 Phantastron:* During search the phantas- 
tron acts as a sawtooth generator to provide a 
sweep voltage for the control element of the 
local oscillator. Once the search stopper builds 
up sufficient bias to stop the sweeping, the 
phantastron converts the error information re- 
ceived from the search stopper to a voltage 
which maintains the local oscillator at a fre- 
quency differing from that of the transmitter 
by approximately 30 me. 

(a) Operation during search: The use of ca- 
pacitive coupling between screen and suppressor 


-100 


) 
ao ro) 
3 ¥ 
> z 
=z 
-200 Oo 
{ (a) PLATE 
-300 
\—.008T TIME 
-180 
2 
a -200 
> 
-250 H- (b) SCREEN 
7300 TIME 


VOLTS 


(c) CONTROL GRID 


CHANGE OF 


VOLTS 
o 
° 
° 


005 T 


(d) SUPPRESSOR 
-320 


Figure 53-2.—Phantastron sweep generator wave- 
forms 


8 This circuit is called both a phantastron and a 
transitron in the literature. Phantastron is used heae 
because it is the more descriptive of the two names. 
The phantastron has been defined as ‘“‘the transitron 
Miller time base.’’ (O. S. Puckle, Time Bases, John 
Wiley and Sons, Inc. New York, N. Y., 1951, p. 172.) 
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results in astable operation of the phantastron 
unless external bias is supplied. The wave- 
forms for this mode of operation, which is used 
when the local oscillator is searching for the 
correct difference frequency, are shown in figure 
53-2. The sweep period depends on the size 
of the two coupling capacitors, C12 and C13. 
The relative durations of the sweep and recov- 
ery portions of the cycle and the voltage levels, 
however, are dependent only on the ratio of 
these two capacitances. Note that the time 
scale is greatly expanded during recovery to 
show the waveform in more detail. Viewed on 
an oscilloscope, the plate waveform has the 
appearance of a conventional sawtooth. 

(6b) Operation when locked on: When the afc 
circuit is locked at the correct local oscillator 
frequency, the phantastron operates as a dc 
amplifier with an amplification of about 100. 
The sawtooth output of the search stopper is 
smoothed to an almost constant voltage at the 
phantastron grid (fig. 53-3c). As the corre- 
sponding plate waveform indicates (fig. 53-3d), 
the grid voltage is not absolutely constant but 
contains a ripple component. The amplitude 
of the ripple varies as the afc circuit adjusts to 
changes in the difference frequency or in the prf. 

(c) Manual operation: The manual position 
of switch SW1 is provided to facilitate adjust- 
ment of the klystron repeller voltage. In this 
position the phantastron is inoperative and its 
plate voltage is fixed at its midrange value. 
When the klystron output and frequency are 
optimized under these conditions, afc lock-on 
near the center of the phantastron range is 
assured. With SW1 in this position, the range 
set control may also be used as a manual tuning 
adjustment. Phantastron operation is stopped 
by adding resistance in series with the cathode 
to maintain the cathode near the —300 volt 
filament potential even when the phantastron 
is temporarily inoperative. 

(d) Sweep amplitude: The phantastron, when 
free running, generates a sawtooth with an 
amplitude of 220 volts and an average level of 
about —140 volts using a bogey tube, and an 
amplitude of 180 volts at about the same dc 
level when the tube has reached its end-of-life 
performance limits. This is usually much 


greater than the amplitude of the sweep voltage 
required at the klystron repeller. The divider 
R23, R24 connected across the output of the 
phantastron is used to reduce the phantastron 
plate voltage change to a level just sufficient to 
cover the electronic tuning range of the local 
oscillator to minimize the possibility of locking 
on the wrong sideband.’ The voltage to which 
this divider is returned is made adjustable by 
means of the range set control to accommodate 
differences among klystrons of the same type. 
(e) Selection of resistance values for output 
and range set dividers, R23, R24, R25, R26, 
and R27: Before the values for the resistors in 
the output and range set dividers can be chosen, 
the following information must be known about 
the tube that is to be used as the local oscillator: 
(1) The magnitude of the voltage that must 

be applied to the klystron repeller to sweep its 
frequency through the desired electronic tuning 
range. This voltage varies with the type of 
klystron, and for a given type, with the fre- 
quency and mode of operation as well. When 
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Figure 53-3.—Control circuit waveforms during 
lock-on 


78. N. Van Voorhis, ed., Microwave Receivers, Rad. 
Lab. Series, vol. 28, McGraw Hill, New York, N. Y., 
1948, p. 52. 
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‘the amplitude of this voltage is known, values 
can be chosen for the output divider resistors, 
R23 and R24, to reduce the sawtooth output of 
the phantastron to the amplitude required by 
the klystron repeller. 

(2) The voltage that must be applied to 
the klystron repeller to obtain maximum power 
output for the frequency and mode of operation 
desired. For a given resonator voltage and the 
correct klystron cavity tuning, this voltage 
varies 20 to 25% among tubes of the same type. 
The extremes of this range are specified by the 
“reflector voltage’ test of the klystron specifi- 
cation. (See MIL-E-1, par. 4.10.5.4. and the 
individual specification sheet for the type of 
klystron desired.) When this range is known, 
the voltage limits of the range set potentiom- 
eter and the resistor values for the range set 
divider can be determined. 

To avoid excessive changes in the sweep 
amplitude with changes in the setting of the 
range set control, the resistance of the range 
set divider should be kept small compared to 
the resistance of the output divider. Since 
the total resistance of the output divider, R23 
plus R24, is between 2.5 and 4.0 megohms, the 
total resistance in the range set divider, R25, 
R26, and R27, should be approximately 250K 
to 400K ohms. A convenient rule of thumb 
for obtaining values for the range set divider is 
to assume a divider current of approximately 
1 ma. 

A nomogram, such as figure 53-4, is the most 
convenient way to determine the voltage limits 
of the range set control when one knows the 
midpoint of the phantastron plate swing, the 
voltage sweep required to sweep the klystron 
frequency over the desired electronic tuning 
range, and the limits of the klystron repeller 
voltage required for maximum klystron output. 
If the klystron repeller requires a sweep ampli- 
tude of 20, 40, 60, 80, or 100 volts, figure 53-4 
can be used directly; if other sweep amplitudes 
are desired, it must be modified as indicated 
below. 

At the left of the nomogram, the phantastron 
plate voltage swing is indicated on line A for 
both the bogey tube (—30 to 5250 volts) and 
the end-of-life tube (—50 to 7856 volts). On 
the right, line C, is the total voltage available 
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Figure 53-4.—Nomogram for calculating resistor 
values in the output and range set dividers 


in the range set divider, R25, R26, and R27. 
Both of these are fixed by the circuit constants 
of PC 53. Actually, only the midpoint of the 
phantastron plate swing (—140 volts) is of 
interest in determining values for the range 
set divider. 

The horizontal distance between lines A and 
C is divided in proportion to the ratio of the 
resistances used in the output divider, R23 
and R24. This has been done in figure 53-4 
for resistor values which will give sweep ampli- 
tudes between 20 and 100 volts in 20-volt steps. 
These values have been computed using a 
phantastron plate voltage swing of 200 volts 
which is the mean of the values obtained with 
a bogey and an end-of-life tube. Under these 
conditions the amplitude of the sweep at the 
repeller is 10% high using a bogey 5725/6AS6W, 
and 10% low when tube performance has fallen 
to its end-of-life conditions. If this is not 
satisfactory, or if the sweep amplitude re- 
quired is not one of those given, other values 
for the output divider resistors are easily calcu- 
lated. The ratio of the resistance of R24 to 
the total resistance of the divider, R23 plus 
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R24, should be in the same ratio as the ampli- 
tudes of the klystron repeller swing and the 
phantastron plate swing, respectively. Having 
calculated the values of the two resistors, 
divide the horizontal distance from left to 
right in proportion to the resistances of R23 
and R24. 

The limits of the klystron repeller voltage 
specified in MIL-E-1 can now be plotted 
directly on the vertical line that represents the 
klystron repeller swing. If the maximum 
klystron output is desired at the center of the 
phantastron plate swing, which is usually the 
case, lines are drawn from the center of the 
phantastron plate swing (—140 volts) to each 
of these two points and extended to intersect 
the line representing the total range set divider 
voltage. The two points of intersection repre- 
sent the voltage limits of the range set potenti- 
ometer, R26. The values of R25, R26, and R27 
are easily determined by assuming the divider 
current to be 1 ma. The voltage range of the 
potentiometer should be increased 10 to 25% 
to allow for the assumptions made in the nomo- 
gram and the tolerances of the divider resistors. 

Since the nomogram is based on no-load 
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Figure 53-5.—Example of the use of a nomogram 
to determine the output and range set divider 
resistors for a klystron type 2K22 


conditions, the currents drawn from the di- 
viders will result in true voltages which are 
slightly different from those obtained from the 
nomogram. The maximum error introduced is 
less than 10%, provided: (1) The range set 
divider current is at least 1 ma (in some cases 
the resistance of the potentiometer must be 
changed); (2) the output divider has a total 
resistance of at least 2.5MQ; and (3) the 
maximum total repeller current (MIL-E-1, 
par. 4.10.6.7.1) represents an effective resist- 
ance to ground of at least 5MQ. 

For an example of the use of figure 53-4, 
assume that the local oscillator is to be a klys- 
tron type 2K22 operating in mode A at a 
frequency of 4600 mc. Technical data for this 
tube indicates that for this frequency and mode 
the electronic tuning range is 34 mc and requires 
a repeller change of 28 volts. Maximum out- 
put is obtained at repeller voltages between 
—120 and— 200 volts; at 4600 mc the maxi- 
mum negative voltage at which mode B can 
be obtained is —105 volts.® 

The output divider for a 28-volt repeller 
swing must first be determined, since it is 
not shown in figure 53-4. The ratio of the 
repeller to phantastron plate swing is 28/200= 
0.14. Values of 2.2MQ and 330KQ for R23 and 
R24 have a ratio of R24/(R23+R24)=0.13, 
which is close enough. The horizontal dist- 
ance on the nomogram is now divided in the 
ratio of R23 and R24, as indicated by line B 
in figure 53-5. In practice this could be done 
on the original nomogram, figure 53-4, but is 
done here on a separate figure for clarity. 
The limits of the klystron repeller voltage at 
which maximum power output is obtained can 
now be plotted on line B at —120 and —200 
volts. For reference the maximum mode B 
voltage, —105 volts, is also plotted. 

Since it is desired that maximum output occur 
at the center of the phantastron sweep, lines 
are drawn from this point, P, through the points 
A to intersect the range set divider voltage line, 
C, at —118 and —204 volts. These are the 
voltages required at the ends of the range set 


8 JAN-1A, JAN-2K22, 8 Aug. 1945. Technical 
Data for Armed Services Preferred List of Electron 
Tubes, 2K22, June 1956. 
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potentiometer, R26. Assuming a 100KQ poten- 
tiometer and a divider current of 1 ma, values 
of 100K for R25 and 68KQ for R27 are approx- 
imately correct. These values actually give a 
range set voltage which is variable from —112 
to —224. The increase allows for nomogram 


and resistor tolerances and does not permit ad-° 


justment on mode B, since line PD does not 
enclose point B. 

(f) Sweep rate: The time required for the 
rundown of the phantastron is determined by 
the grid circuit time constant, and can be varied 
by changing either the grid resistance or the 
feedback capacitance. Since the grid resistance 
is also a part of the search stopper circuit, the 
feedback capacitor is used to set the sweep rate. 

The feedback capacitance can be determined 
from the rate of change of plate voltage, which 
is ° 


dV,_V, A 
t R,O,1+A 
~ Vv; 
B,C, 


since the circuit gain, A, is much greater than 1. 

Substituting the values for mean grid voltage, 
V,, change in plate voltage during rundown, 
AV,, and grid circuit time constant, 2,C,, we 


obtain: 
a re 4.7 
At ** 220X5.7C,X10-8 


where f, is the phantastron sweep frequency. 
Since each cycle of the phantastron output 

sweeps the local oscillator through its electronic 

tuning range, the local oscillator search rate is 


easily related to the phantastron sweep 
frequency. 
R,=f, (etr) me/sec SeT 
C12 —2259 err) iid 


where R, is the local oscillator search rate in 
me/sec¥ iid etr is the electronic tuning range of 
the klystron in me. 


* Pound and Durand, op. cit., pp. 326-331. 
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The maximum permissible search rate is fixed 
by the lock-on requirements. To assure lock- 
on, two successive video pulses from the cathode 
follower must be of sufficient amplitude to over- 
come the search stopper bias and cause diode 
V7 to conduct. Even under minimum per- 
formance conditions the input to the search 
stopper exceeds the maximum diode bias for at 
least 1 megacycle of the negative discriminator 
peak. The maximum search rate consistent 
with satisfactory locking is 


meee 1 me 
" 2(53) 


=0.5 prf 


The maximum search rate consistent with the 
lock-on requirements should be used, since the 
search rate is the maximum rate at which the 
local oscillator can increase its frequency to 
follow changes in difference frequency. Since 
neither the rate of change of phantastron plate 
voltage nor the electronic tuning sensitivity of 
the klystron is constant during the sweep, the 
maximum values should be used in deter- 
mining the maximum search rate. 

(g) Sweep linearity: The rate of change of 
plate voltage is proportional to the grid voltage 
and therefore changes by a factor of almost 2 
to 1 during rundown. Based on the average 
rate of change, this is a change of +30%, being 
maximum at the beginning of the sweep and 
minimum at the end. This does not include 
the almost instantaneous drop in plate voltage 
at the instant the rundown begins. 

(h) Sweep recovery: The capacitive coupling 
between screen and suppressor is responsible 
for the free-running properties of the phan- 
tastron. “As in the conventional phantastron, 
at the conclusion of the rundown a fraction of 
the drop in screen voltage is coupled to the 
suppressor to cut off plate current flow. Since 
the coupling is capacitive, however, the sup- 
pressor bias is gradually lost and the rundown 
is repeated as soon as the exponential voltage 
at the suppressor grid has dropped below the 
bias required for plate current cutoff. 

The rate of decay of suppressor bias is deter- 
mined by the coupling capacitance, C13, and 


R 


mc/sec? 
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the suppressor return, R18. One-half of the 
time constant R18, C13 is required for the sup- 
pressor bias to fall to a level which will allow 
phantastron plate current to flow. During 
this time the plate circuit of the phantastron 
must recover. Since the rate of plate voltage 
recovery is determined by C12 and the phan- 
tastron plate load resistor, R16, the values of 
C12 and C13 can be related. With equal 
values for C12 and C13, the recovery time is 
less than 0.5% of the length of the sweep, and 
the phantastron plate voltage recovers to 
within 10% of its supply voltage. 

The tap on the screen divider couples about 
one-sixth of the screen voltage change to the 
suppressor. If more than one-sixth of the 
screen voltage change is used, the rundown 
terminates prematurely. If the fraction is 
made smaller than one-sixth, the time during 
which the plate current is cut off will not be 
sufficient to allow the plate voltage to recover 
completely. In either case the amplitude of 
the output is reduced. 


3. ADJUSTMENTS 


Four adjustable components are required to 
compensate for variations in tube character- 
istics permitted by MIL-E-1. These com- 
ponents are discussed below. 


3.1 IF Amplifier Tuning: Permeability tuned 
coils that center the response of the IF ampli- 
fiers at 30 me are specified. The response of 
the first IF amplifier is a single peak centered 
at 30 me. When the discriminator circuit is 
coupled to the second IF amplifier, the response 
is the double-humped curve characteristic of 
overcoupled, double-tuned circuits. In PC 53, 
the dip occurs at 30 mc and the peaks occur at 
approximately one-half the discriminator peak 
separation above and below 30 mc. 


3.2 Discriminator Tuning: The variable in- 
ductance, L3, of the discriminator circuit is 
used to adjust the crossover to 30 mc. Over 
a small range, the entire discriminator curve is 
shifted without alteration of its shape. If 
more than one pulse width is used, the change 
in crossover frequency with change in pulse 
width is minimized by adjusting crossover 
using the widest pulse. With the tuned cir- 


cuits all peaked at 30 mc, the discriminator 
peaks will not be of equal amplitude because 
of the difference in the coupling capacitors.! 
They may be equalized by detuning L2 slightly. 


3.3 Range Set Control: The range set control 
in conjunction with the manual-afe switch, 


’ SW1, is used to adjust the local oscillator to the 


correct difference frequency when the phantas- 
tron is at the center of its sweep. When SW1 
is in the manual position, the sweeping of the 
phantastron is arrested and its output is fixed 
at approximately the mid-voltage of the sweep. 
The local oscillator output and frequency can 
then be adjusted for the correct difference fre- 
quency by means of the resonator cavity and 
the range set potentiometer, which is the re- 
peller voltage control. When SW1 is returned 
to the afc position, the operating point will be 
fixed at the center of the phantastron sweep 
where the afc circuit can effectively compensate 
for changes in difference frequency in either 
direction. If this operating point does not 
coincide exactly with the correct difference fre- 
quency, small corrections can be made by ad- 
justing the crossover frequency. 


4. PERFORMANCE 


Preferred Circuit 53 has been designed to 
minimize the effects of supply voltage changes 
and tube aging. With well-regulated plate 
supplies, it will perform satisfactorily with the 
filament supply voltages 10% low and with half 
of the tubes at their end-of-life limits. 


4.1 Statee Performance: Typical transfer char- 
acteristics are shown in figure 53-6. These 
curves were obtained statically and give no 
indication of the rate at which the system will 
follow changes in input frequency. They are 
of use, however, in estimating the operating 
error and gain of the circuit and in illustrating 
the effect of pulse width and duty factor. 
Although the curves were obtained using the 
circuit specified for a 200 mv input level, they 
are typical of the performance at any of the 
other inputs, provided the corresponding com- 
ponent values listed in table 53-1 are chosen. 


10 Ibid, p. 311. 
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INPUT FREQUENCY-MC 
30.0 30.1 30.2 3 


30.4 35 


8 


PHANTASTRON PLATE VOLTS 
3 


(a) Duty factor 0.0002 
Pulse widths = 0.5 to Lojisec 


250 


INPUT FREQUENCY — MC 
30.0 30.1 30.2 30.3 30.4 30.5 


o 

3 

> 

# 

kz 100 

a 

S 

= 

M150 

fd 

4 

4 

x 

a 

(c) Duty factor 0.0008 

200 Pulse widths = 0.5 to 40 jrsec 
250 


INPUT FREQUENCY — MC 
30.0 30.1 30.2 30.3 


30.4 30.5 


8 


PHANTASTRON PLATE VOLTS 


(b) Duty factor 0.0005 
Pulse widths 0.5 to 2.5 psec 


INPUT FREQUENCY- MC 
300 30.1 30.2 30.3 30.4 30.5 


PHANTASTRON PLATE VOLTS 


{d) Duty factor 0.001 


ee Pulse widths = 0.5 to 5.0 psec 


250 


Figure 53-6.—Static performance of PC 53 


The crosshatched areas indicate normal performance obtained using the nominal input signal level, 


rated supply voltages, and bogey tubes. 


Variations within this region are caused by the fact that the 


circuit gain is proportional to the pulse width. At each duty factor all the measurements were made with 
the crossover frequency set to 30 mc using the widest pulse. 


For each set of curves, the letters A, B, and C indicate: 


A. Maximum change in performance caused by raising the input signal level or the filament voltage 


10%. 


B. Maximum effect of reducing the input signal level 10%. 
C. Typical end-of-life performance obtained with half of the tubes at their end-of-life limits and the 
filament voltage 10% low. The 1.0 usec curve is plotted to show the extent to which short pulses 


affect the minimum performance. 


If the 5725/6AS6W is one of the tubes whose characteristics 


have reached their end-of-life ratings, the limits of the plate voltage swing will be reduced to 


—50 and —230 volts. 
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The normal curves indicated by the cross- 
hatched area are for the nominal input, bogey 
tubes as defined in MIL-E-1, and rated supply 
voltages. As indicated by curves A and B 
adjacent to this area, inputs within 10% of the 
input level specified have a negligible effect on 
performance. The minimum performance 
curves shown in region C were taken with the 
filament voltage 10% low and with half of the 
tubes at their end-of-life limits as defined by 
MIL-E-1. 

The amplification of PC 53 is proportional to 
both the pulse width and the duty factor of the 
signal input because the discriminator “gain” 
is a function of the former, and search stopper 
“gain” is a function of both. Of the two, the 
effects of pulse width are more pronounced, as 
shown in the curves, and must be taken into 
consideration because several pulse widths may 
be used in a single microwave system, whereas 
the duty factor will remain approximately con- 
stant. In figure 53-6, an increase in amplifi- 
cation is indicated by an increase in the slope 
of the curve and a shift of the entire curve 
toward the crossover frequency. Curves are 
given for several duty factors so that the 
performance can be estimated at any pulse 
width and duty factor combination within the 
specified range. At each duty factor the dis- 
criminator was adjusted for crossover at the 
maximum pulse width, since in actual systems 
one crossover adjustment must serve for all the 
pulse widths used. 

If the local oscillator frequency is lower than 
that of the transmitter, PC 53 will operate a 
few tenths of a megacycle lower than 30 mc 
rather than above, as shown in figure 53-6. 
In this case the static performance curves are 
the mirror images of those shown. 


4.2 Frequency Correction: The amount by 
which a relative change between the trans- 
mitter and local oscillator frequencies is reduced 
can be estimated from the slope of the static 
performance curves (fig. 53-6) and the charac- 
teristics of the local oscillator. 

The slope of the straight portion of the 
static performance curves is between 2000 and 
3500 volts per megacycle under normal per- 
formance conditions and between 1000 and 2000 


volts per megacycle when the circuit perform- 
ance has fallen to its minimum satisfactory 
level. This represents the rate of change of 
phantastron plate voltage (AV,) with respect 
to a change in input frequency (Af;,). The 
required repeller swing (AV,) and the electronic 
tuning sensitivity (K=Af,./AV,—etr/AV,) can 
be determined once the type of local oscillator 
is selected. For a fixed transmitter frequency, 
the change in local oscillator frequency (Afto) 
is equal in magnitude and sense to the change 
in input frequency if the local oscillator is 
operating at a higher frequency than the trans- 
mitter.". The open loop amplification, A, of 
the afc system is therefore 


AV, AV, (AV,\ etr 


Wea. AV, Afin AV, 


For PC 53 
A=4.5 (etr) when the slope is 1000 v/mce. 
=15.9 (etr) when the slope is 3500 v/me. 


Once the loop amplification has been deter- 
mined, the amount by which a change in the 
difference frequency is reduced can be found by 
dividing the frequency change by the loop am- 
plification plus one.” This is essentially a static 
measurement applying only to slow changes in 
frequency such as are caused by thermal effects, 
or to the change in difference frequency after 
the circuit has reached equilibrium conditions 
following a transient. The instantaneous error 
during a sudden shift in frequency, such as is 
caused by transmitter pulling, is several times 
this magnitude. As an example, if a 2K22 
operating in mode A at a frequency of 4600 mc 
is used as local oscillator, the electronic tuning 
range is 34 mc.” The minimum loop amplifi- 
cation is 4.5 x 34=153, and a 15 mc change in 
difference frequency would be reduced to 15 
mc/153+1=100 ke by the action of the afc 
system. 


4 If the local oscillator is operating at a lower fre- 
quency than the transmitter, the change in input 
frequency is equal in magnitude to the change in local 
oscillator frequency but opposite in sense. In this 
ease the slope of the performance curves is also nega- 
tive so that the loop amplification is still a positive 
quantity. 

12 Van Voorhis, op. cit., p. 31. 

8 Technical Data for Armed Services Preferred List of 
Electron Tubes, 2K22, June 1956. 
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4.3 Tube Characteristics: Tube characteristics 
affect the over-all amplification of the circuit, 
and in the case of the IF amplifiers and discrimi- 
nator, the tuning as well because the tube ca- 
pacitance is a part of the tuned circuit. It is 
advisable to adjust the tuning when the IF 
amplifier tubes are changed, although the fre- 
quency change caused by the change in tube 
capacitance is small. It is essential that the 
tuning of the discriminator be adjusted when 
the discriminator tube is changed, since a 
change in crossover frequency affects the sensi- 
tivity of the radar receiver. The tuning of the 
plate circuit of the second afc IF stage should 
also be checked in this case. 

The amplification of PC 53 is unaffected by 
diodes in the discriminator and search stopper 
circuits which have reached their end-of-life 
performance limits. End-of-life tubes will re- 
duce the amplification of any of the other 
circuits about 25%. The afc circuit will 
perform satisfactorily when all the tubes have 
reached their end-of-life limits, provided the 
supply voltages are maintained at their rated 
value. Since it is unlikely that the filament 
supplies will be regulated, the minimum per- 
formance curves (fig. 53-6) were run with the 
maximum number of low tubes that could be 
tolerated when the filament voltage is 10% 
low. The data for these curves (region C) 
were obtained with 5654/6AK5W’s which had 
reached their end-of-life performance limits in 
both of the IF amplifier sockets. The same 
results are obtained if the video amplifier and 
one IF amplifier are the low tubes, or if the 
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transconductances of all of the tubes are the 
minimum acceptable under MIL specifications. 
If the 5725/6AS6W is one of the tubes whose 
performance is reduced to end-of-life conditions, 
the frequency shift will be accompanied by a 
20% reduction in the amplitude of the plate 
voltage change. 


4.4 Supply Voltages: Since the afc circuit is 
sensitive to supply voltage changes, the plate 
supply voltages should be regulated. (See 
PC 1 and PC 3A.) Regulation of the principal 
filament supply (grounded filaments) would be 
beneficial but is not necessary. A +10% 
change in this filament supply was assumed in 
determining the minimum performance char- 
acteristics and the —26 db maximum harmonic 
ratio. 

Performance is not affected by +10% 
changes in the 5725/6AS6W filament supply 
voltage. A 10% increase of the principal 
filament supply voltage almost doubles the 
amplification of the afc circuit; a 10% decrease 
in filament voltage reduces the amplification 
about 25%. <A 10% reduction of the 150-volt 
supply also reduces the circuit amplification 
25%, while a 10% increase in the positive 
plate voltage has little effect on performance. 
A change in the —300 volt supply results in 
an even greater percentage change in the 
amplitude of the phantastron output, since the 
plate-cathode voltage at bottoming remains 
almost constant in spite of supply voltage 
changes, and the accompanying change in 
plate voltage at cutoff is negligibly small. 
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NBS PREFERRED CIRCUIT NO. 55 
DISTANCE-MARK GENERATOR 


+150V Ril 
330 C3 
10.047 a Tl 
; ele 
BOK 
V4 V5 
(-)eaTe C! 
0.047 
5814A 5814A 
Cc 
R6 §$R8 Rio RI3 Ri5 
(SKS47K 330K 4.7K O 
OUTPUT 
C6 
470 
R7 
680 
-150V 


Unless otherwise stated: Rin ohms; C >linupyf; C<linwf; Lin ph 


The distance-mark generator is used to generate accurately spaced pulses which are mixed into the video 
amplifier chain to indicate the range of radar echo pulses. 
Distance-mark spacing _________._.____________-_-________. 
Input Gate Amplitude _____._______..2- 2 eee. 
Input Gate PRF ________--_.-_ 2 
Delay (input gate to marker)___..___._______..--_---_-______- 
Marker Amplitude ____...___...___._---.--_-------__ eee 
C7 nominally 1200ypf. 
C1,C2,C3,C4,C5,C6,C7: +10% limits. 
AIR: +10% except R2,R11: +20% limits. 
Notes: 
1. L,C and R4 determined by DM spacing selected. 
2. Input gate from PC 41 used in tests. 
3. For complete characteristics of blocking oscillator see PC 47. 


1 to 25 miles. ! 

60 to 210v, negative. 2 
200 to 2000pps. 

0.1 to 0.2usec. 

30v (R15:2209). 3 
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PC 55 DISTANCE-MARK GENERATOR 
1. APPLICATION 


The distance-mark generator is used to generate 
accurately spaced pulses which are mixed into the 
video amplifier chain to indicate the range of 
radar echo pulses. 


2. DESIGN CONSIDERATIONS 


2.1 Operation: This distance-mark (DM) gener- 
ator is suitable for medium-precision applications 
such as for use in search radars. ‘The formation 
of the markers takes place in three steps. The 
DM spacing time interval is determined by the 
frequency of the switched Hartley oscillator 
V2. The resulting sine-wave is shaped by a mono- 
stable multivibrator, V3,V4, and furnishes the 
trigger for the blocking oscillator. The blocking 
oscillator, V5, produces the narrow marker pulses. 
The negative gate which operates the switch 
tube, V1, corresponds in duration to the selected 
mileage range, and its PRF depends upon the type 
of service and range of the radar set. 

The interdependent operation of the switch 
tube, the Hartley oscillator, and the trigger shaper 
makes desirable the treatment of these circuits 
together. The blocking oscillator, which receives 
the output of the generator, is discussed separately 
in PC 47, Triggered Blocking-Oscillator for Fast 
Recovery. 

The DM is derived from the initial negative 
swing of the Hartley oscillator and each successive 
negative-going portion of the sine-wave. For one- 
mile spacing (12.2usec), the corresponding oscil- 
lator frequency is 81.9kc. Different spacing of the 
distance marks can be selected by changing the 


resonant circuit and resistance of R4.!2 The 
range is changed by selecting the duration of the 
negative gate. In the tests of the DM generator, 
the negative gate was obtained from PC 41, Main 
Gate Multivibrator. 


3. PERFORMANCE 


3.1 Zero Error: The “zero error” or time delay 
of the DM generator is the time difference between 
the negative gate and the blocking oscillator out- 
put measured at the 10% amplitude points. A 
delay of 0.6usec corresponds to an error of 100 
yards. The delay measured at the plate of the 
second trigger shaper tube, V4, is about 0.05usec. 
The over-all delay is about 0.1usec which corre- 
sponds to about 20 yards. These results are 
tabulated in table 55-1. 

The performance of the generator was measured 
for distance-mark spacings of 1, 5, and 25 miles at 
representative mileage ranges. The oscillator sine- 
wave amplitude is measured when a uniform 
wave-train is attained by adjusting the feedback 
resistor, R4. Values for various ranges are given 
in the table. 


3.2 Tube Substitution Performance:. Thirteen 
combinations of three tube sets with various 
transconductance value tubes were operated in 
the DM generator. Tubes in the MIL transcon- 
ductance range and tubes above and below the 
MIL range were selected and placed in sockets 
V1,V2,V3,V4, and V5. Operation was satisfactory 
for all combinations with respect to time delay 
and output amplitude. The oscillator was least 
affected by tube changes. Most affected by 


TaBLE 55—-1—Disiance-mark Generator Performance . 


DM spacing 1-mile 5-mile 25-mile 

Gate PRF pps (50% duty cycle)__--___-_.___-- 200 800 200 
Gate length wsec...._._.-.-.--.--._-- ee -- 2500 625 2500 
Mileage range_-_--.__-__-------.-_-.-.------- 200 50 200 
Osc. sine-wave amplitude (p-p volts)__.__._.___- 65 90 75 
Osc. resistor, R4 (Q)_--.-------.-.----.---_--- 1.8K 680 680 
DM amplitude volts (R#6, 2202)-R-.US __.___- 130 30 30 
DM delay (usec)...------------_-------_----- 0.10 0.11 0.11 


NoTE 1. After the third pulse; the first and second pulses are greater by 15% and 5%, respectively. 


1 Theodore Soller, ed., Cathode Ray Tube Displays, Rad. Lab. Series, vol. 22, McGraw-Hill, 1949, p. 245. 
2 Britton Chance, ed., Hlectronic Time Measurements, Rad. Lab. Series, vol. 20, McGraw-Hill, 1949, p. 108. 
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changes was the triegcr-shaper, V3 and 4, which 
resulted in increased delay with low transcon- 
ductance tubes. The blocking oscillator output 
amplitude decreased about 15% with low tubes 
compared. to tubes within the MIL range. 


3.3 Supply and Filament Voltage Variation: 
Operation was satisfactory with respect to delay 
and DM amplitude for supply-voltage variation 
of +10%, —25%, and +10% change in filament 
voltage. The increase in time delay for a —25% 
decrease oi supply voltage is greatest for the 
25-mile spacing and increases about 0.lusec to 
an over-all delay of 0.2usec. There is a 0.02usec 
decrease in delay with 10% increase in supply 
voltage. 

Of the eight generators discussed in the Notes, 
Sec. 8, two of each type were tested. The results 
are tabulated in table 55-2. The oscillator sine- 
wave amplitude was measured when adjusted for 
uniform wave-train. The time delay of the multi- 
vibrator shaper is less by a factor of 3 or more than 
the amplifier-shaper. For comparison a radar 


sine-wave which otherwise tends to jitter or 
diminish. The oscillator feed-back resistor value 
is adjusted for uniform amplitude; otherwise the 
oscillations increase or decrease. The resistor on 
the ground side of the LC circuit in the case of the 
MvV-shaper provides a positive bias for the first 
MV tube to'keep it normally conducting. The 
filter in the form of a resistor-capacitor or a 
resistor-choke in the plate of the first MV tube is 
to prevent interference with the waveform of the 
Hartley oscillator. 


The stability of the Hartley oscillator frequency 
for a 410% change in supply voltage is better 
than 3 parts in 10,000, better than 9 parts in 
10,000 (increase) for a —25% decrease. The 
change in frequency with a filament voltage 
variation (of +10%) is less than 6 parts in 
100,000. The frequency-stability with respect to 
temperature change depends upon the LC circuit, 
and is adequate except for precision applications 
which would require a temperature-controlled 
oven.’ This type of generator is suitable for 


Taste 55-2—Summary of Distance-mark Generator Characteristics 


aN, ? 1 
ea anon ees Treger 
A MV 0.25 Parallel third W. ! 
D MV 0.12 Parallel third W. ! 
E Amp 0.9 Series 
H Amp 3.3 Parallel 


NoTe 1. Third winding of blocking-oscillator transformer. 


range of 100 yards is 0.61ysec in time. The delay of 
the MV-shaper, circuit A, is 0.25usec or 41 yards; 
the delay of the amplifier-shaper, circuit E, is 
0.9usec or 150 yards. 
delay time for the MV-shaper, the MV was 
selected for use in the DM generator, PC 55. 

The distance-mark amplitudes and _ polarity 
differ for various circuits, but this is not important 
for these comparisons. They can easily be changed 
with minor modifications in the blocking oscillator. 

The function of the various components will be 
described briefly except for those concerned with 
the blocking oscillator. The positive grid return 
of the switch tube serves to keep heavy current 
conduction through the oscillator coil. The plate 
resistor limits the current to a value within the 
tube rating. The bypass capacitor at the plate 
assures the presence of the initial negative-going 


On this basis of a shorter 


Ose. sine-wave 


; RM amplitude 
amplitude (p-p) (v) 


80v 24 
80v 3.6 
85v 60 
48v —4,2 


medium-precision paplications and the accuracy 
can be maintained to better than 1%. 


3.4 Use with Pulse-train Divider: Satisfactory 
operation of the Blocking Oscillator Pulse-train 
Divider, PC 51, was obtained with this generator 
for 1-mile DM spacing and PRF’s listed in table 
55-1, for division factors of 2, 3, 4, and 5. 


The DM amplitude falloff (change in amplitude 
from first to last DM) is less than 1% except for 
the 1-mile spacing, 200pps. For this case the first 
marker is 15%, and the second 5% greater than 
the remainder of the train. 


In regard to the input gate amplitude, a gate 
amplitude of 210v is available from the Main 
Gate Multivibrator, PC 41. The figure of 60v 
was selected as the lowest for attaining a uniform 
wave-train from the Hartley oscillator. 


5 Britton Chance, ed., Waveforms, Rad. Lab. Series, vol. 19, McGraw-Hill, 1949. 
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NBS PREFERRED CIRCUIT NO. 56 
PHANTASTRON DELAY 


+300V 


contro. Ri 
SIGNAL 22K 
INPUT | rH 
1000 


OUTPUTS 


Unless otherwise stoted: 2 
R in ohms, 
C>linupf; C<linzf; 
Linph 
INPUT 2 iC feat ic ct gs ee Dk a 
3300 ; = 
Minimum Maximum Maximum 
R3 C3 duration duration Goel 
meghoms uf (Ve =20v) (Ve =280v) (Ve =280v) 
Bee’ Bee? usec 
a | Seen eee 100 7 90 270 
TPO ecel soe ce 220 15 200 600 
bOlss2c25cesce 470 30 440 1600 
bk | ee 1000 70 930 2700 
A SE 1000 150 2000 2700 
2. 2ecccetanbess 1200 180 2450 3250 
eee ee 1200 265 3700 3250 


Control Signal, V.: 20v to 280v. ? 
Maximum Error: 0.1 percent of maximum duration. 3 


Terminal Ampuruds ee Duration Decay time Impedance Polarity 
Input 1 15 0.1 1 to 5usec — — Negative 

2 20 0.1 0.2 to 2usec —_ —_ Positive 

Output 1 60 0.2 — 0.1% 4 = 20KQ Positive 
2 10 0.2 — 0.1% 4 1KaQ Negative 


R3: +5%; R5,R6,R7,R8: +10%; R1,R4: +20% limits. C1,C2: +20%; C3: +5% limits. 
R3,C3: temperature stable. ; 


Notes: 
1: If shorter recovery time is required see PC 57. 
2. Control signal source must furnish a de return to ground for V1. 
3. Maximum error may be reduced by reducing maximum control voltage (see text and fig. 56-1). 
4. In percent of maximum duration. 
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NBS PREFERRED CIRCUIT NO. 57 
PHANTASTRON DELAY, FAST RECOVERY 


CONTROL Ri 
vey* 
SIGNAL 22K 


INPUT | 4 


1000 


Unless otherwise stated: 
R inohms, 

C>tinupf; C<linpf; 
Lin ph 


OE I ase ee 
5300 
Maximum duration R3 C3 
< 1000usec__.-....__._--_--_.----- eee eee eee 1.0 megohm 100 to 1000upf 
1000 to 5000usec_.-__----------- ee 3.3 megohm 330 to 2200upf 
Maximum duration ~ R3C3 — a 
bb 


Maximum recovery time ~ 40uysec. 
Control signal, V.: 20v to 240v. ! 
Maximum error: 0.5 percent of maximum duration. 2 


Terminal ap tude ss aime Duration Decay time Impedance Polarity 
a [ 
Input 1 15 0.1 1 to 5ysec _ = Negative 
2 20 0.1 0.2 to 2usec — —_ Positive 
Output 1 60 0.2 — 0.1%" 20K2 Positive 
2 10 0.2 — 0.1%? 1Koa Negative 


R3: +5%;R5,R6,R7,R8: +10%; R1,R2,R4: +20% limits. C1,C2: +20%; C3: +5% limits. 
R38,C3: temperature stable. 
Nores: 
1. Control signal source must furnish.a de return to ground for V1. 
2. Maximum error may be reduced by reducing maximum control voltage (see text and fig. 56-1). 
3. In percent of maximum duration. 
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PC 56 and 57 PHANTASTRON DELAY 


1. APPLICATION 


PC 56 and PC 57 are phantastron circuits 
capable of generating a rectangular waveform 
whose duration is almost directly proportional to 
a control signal. Such circuits are frequently 
used in radar equipment to produce movable 
markers for display and to time-modulate a pulse 
in accordance with a variable quantity such as 
antenna position. 

The two circuits are identical except for the 
inclusion of the cathode follower, V3, in PC 57. 
The cathode follower decreases the usable range 
of the control voltage and the linearity but is 
necessary in order to reduce the recovery time 
when the duty factor is greater than 30 to 60%. 
Whether PC 56 or PC 57 is used in a given applica- 
tion is determined entirely by recovery time 
considerations. 


2. DESIGN CONSIDERATIONS 


These circuits are cathode coupled phantas- 

trons. The suppressor is returned to the screen 
divider for economy of parts and power drain; 
it is operated about 5v positive during rundown 
to minimize jitter in the trailing edge of the output 
waveform. The use of a cathode-coupled phantas- 
tron increases the amplitude of the initial step in 
the plate waveform, but permits a low impedance 
output from the cathode. The increased ampli- 
tude of the initial plate drop is not troublesome in 
this application. 
2.1 Circuit Parameters: The table in PC 56 gives 
values for the grid resistance and capacitance, R3 
and C3, for frequently used delays. For applica- 
tions that do not fall within one of these ranges, 
values for R3 and C3 can be determined from the 
following relations: 

(1) Maximum output duration 
= RC ve me sec. 

E bb 

(2) Maximum recovery time: 

(a) Without cathode follower 
E bb 


= RC ln ———~"——- see. 
Ey,—V.max. 


(b) With cathode follower - 40usec 


where V, is the control signal voltage. By substi- 
tuting the values for control signal and the 
requisite duration of the waveform, R3,C3 can 
be determined. 

R3 is limited to a minimum value of one 
megohm to avoid excessive grid current in the 
tube during quiescent periods. C3 should be at 
least 100uuf to minimize the effects of stray 
capacitances. Delays shorter than 100usec 
require more complex circuits.! The maximum 
values of both R3 and C3 are limited only by the 
stability of the components. 

If several ranges are to be obtained by switch- 
ing, the most satisfactory arrangement is to leave 
R3 fixed and switch C3 to obtain the delays 
desired. A cathode follower will probably be 
required to minimize the recovery time, but should 
be used in any case to provide a low impedance 
point for switching and to minimize the effects of 
the added stray capacitance. 

R4 determines the recovery time of both cir- 

cuits. In PC 56, C3 is charged by the grid current 
of the pentode flowing through the plate load 
resistance, giving a recovery time determined by 
equation 2 (a). Addition of the cathode follower 
in PC 57 permits C3 to recharge through the low 
impedance output of the cathode follower, but 
the plate voltage recovery is still retarded by the 
output capacity of the tube and other stray 
capacities. The latter is generally the longer of 
the two recovery times when a cathode follower 
is used. 
2.2 Tube Type: The phantastron requires a 
pentode with two control grids. The 5725 is the 
best tube for the purpose because of the sharp 
cutoff characteristic of the suppressor. The 5725 
is a miniature, sharp cutoff pentode whose control 
and suppressor grids can be used as independent 
control elements; it is a preferred premium type 
which is electrically equivalent to the 6AS6. 
The 5784WA and 5636 are preferred subminia- 
ture equivalents. 

In these tubes the total space current is 
determined almost entirely by the voltages on the 
control and screen grids. It is independent of 
suppressor bias except near suppressor cutoff, and 
independent of plate voltage except at very low 
plate voltages. The division of space current 


1 Britton Chance, ed., Waveforms, Rad. Lab. Series, vol. 19, McGraw-Hill, 1949, pp. 200-203. 
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petween plate and screen is predominantly a 
function of the suppressor bias. The ratio of plate 
to screen current is constant at positive suppressor 
voltages, and is nearly independent of control end 
screen grid voltages. 

2.3 Control Signal: The duration of the phantas- 
tron waveform can be made proportional to any 
quantity that can be represented by a voltage. 
When the control voltage is obtained from a 
potentiometer, the potentiometer should obtain its 
current from the plate supply of the phantastron 
to minimize error due to changes in supply voltage. 
Since the potentiometer loading error is opposite 
in sense to the phantastron error, partial compen- 
sation can be obtained by balancing the two errors 


against each other. This requires that the sum of - 


the potentiometer resistance and any other resist- 
ance between the potentiometer and the plate 
supply be between one and five percent of the 
plate load resistance. If the minimum resistance 
between the potentiometer and ground is greater 
than 22Ka, R1 may be omitted. Rheostats in 
series with both ends of the potentiometer are 
usually provided to permit setting the reference 
voltage to the desired range. 

In many cases the control signal is a contin- 
uously varying voltage proportional to another 
quantity; for instance, a sine-wave whose ampli- 
tude at any instant is proportional to the sine of 
the angle between a radar antenna and a reference 
line (ship heading, true north, etc.). If the source 
impedance is low and plate triggering is used, R1 
may be necessary to prevent shorting the trigger 
to ground. 

To permit the clamping diode to operate, the 
control signal source must provide a dc return to 
ground for V1. Note also that the maximum 
control voltage is lower (240v) for PC 57 than it 
is for PC 56 (280v) because a minimum plate 
voltage of about 60v is necessary for the cathode 
follower. These plate voltages are within the 
maximum ratings of the 5725 as defined by 
MIL-E-1B, paragraph 3.5.1. 


2.4 Trigger: The circuit can be triggered at 
either the plate or the suppressor of the phantas- 
tron. 

(a) Input 1. Triggering is accomplished by a 
negative trigger coupled to the phantastron plate 


through the diode V1. The trigger source does not 
load the phantastron because it is disconnected 
by the diode as soon as the phantastron fires. The 
control signal line may require decoupling to pre- 
vent false triggering if the control voltage is 
obtained from a remote source. 

The trigger must have an amplitude of 15v and 
a duration of 2usec for reliable operation. Higher 
voltage triggers produce a spike at the beginning 
of the waveforms; excessively long triggers may 
distort the leading portion of the waveform and 
increase the minimum duration. 

(b) Input 2. The circuit may also be 
triggered by a positive trigger applied to the 
suppressor. The amplitude requirement here is 
20v and triggering is more critical because the 
trailing edge of the trigger may tend to end the 
phantastron cycle prematurely. A duration 
between 0.1 and 2usec is required. This input is 
especially useful for direct coupling. A diode may 
be used to eliminate the effects of the negative- 
going portion of the trigger. 


2.5 Output: The outputs are approximately 
rectangular pulses whose amplitudes are constant 
but whose duration is a function of the reference 
voltage. Output 1 from the screen is positive and 
about 60v in amplitude, and output 2 from the 
cathode is negative and 10v in amplitude. The rise 
time of either output is 0.1 to 0.2usec and the 
decay time about 0.1% of the maximum duration. 
If the final output required is a trigger or marker 
pulse, the trailing edge of output 2 may be used as 
the series trigger for a blocking oscillator such as 
PC 49. 
2.6 Performance: While equation (1) can be 
used to determine the output duration approxi- 
mately, a more careful analysis? indicates that 
the gain of the feedback circuit also has an effect. 
Tube aging will cause gradual changes in duration, 
and replacing either the 5725 or the 5814A may 
cause relatively large changes. Typical changes 
in maximum duration with change in tubes are 
about 2% for the 5725 and 0.3% for the 5814A. 
For highest accuracy the circuit should be cal- 
ibrated frequently. 

Figure 56-1 shows typical curves of error versus 
control signal for these circuits. These curves were 
obtained by plotting duration versus control vol- 


2 F, C. Williams and N. F. Moody, “Ranging Circuits, Linear Time Base Generators and Associated Circuits,” Proc. 
. IEE, Radiolocation Convention, No. 1, 1946, vol. 93, pp. 1188-1190. 
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Vc = CONTROL VOLTS 


100 150 


% ERROR 


fo error = srror 


mox 
PHANTASTRON EEARTY & RROR 
Fig. 56-1 
The phantastron was calibrated for zero error at control 
voltages of 20 and 250 volts. The error expressed in percent 
of maximum duration is approximately correct for dura- 
ations up to 2500 microseconds. 


tage from 10 to 250v. The error is the difference 
between this curve and a straight line drawn 
through the initial and final points on the curve. 
When expressed as a percentage of the maximum 
duration, the error is essentially independent of 
the values of C3 and R3. These curves represent 
the error introduced by the preferred circuit itself 
(due to non-linearity of the plate rundown, finite 
turn-on and turn-off times, etc.). Since the control 
circuit must supply current to diode V1, the 
phantastron loads the control signal source. This 
usually introduces additional error which must be 
determined for the individual application. The 
control circuit does not load the phantastron 
because it is disconnected by the diode as soon as 
the phantastron fires. 

As indicated by the curves, the maximum error 
is increased when a cathode follower is used. The 
phantastron linearity is obtained by the feedback 
between grid and plate which tends to maintain a 
constant discharge current from the grid capacitor. 
The compensation is less complete using a cathode 
follower since its gain is less than unity. 

Determining the error by calibration at the end 
points of the duration versus control voltage curve 
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as described above is convenient for presenting 
error curves, but results in an error which is always 
negative and larger than it need be. If the circuit 
can be calibrated to give equal positive and nega- 
tive errors, the error can be reduced 50%. A 
simple way to do this approximately is to calibrate 
for zero error at 85% of maximum control voltage 
(fig. 56-2). Still further reduction is obtained by 


85% MAXIMUM tay 


a 
a 
w 
a 
= 
ef 
= 
x 
<< 
= 
85% Ve Maxinu————al 
Vc MAXIMUM 
ig. 56-2 - 

Phas ASteon Cal ibreal cone 
A. Ideal curve of duration versus control voltage. 
B. Actual curve of duration versus control voltage 


calibrated for zero error at maximum control voltage. 
(Curvature is greatly exaggerated). Error (a) is always 
negative. 

C. Actual curve of duration versus control voltage 
calibrated for zero error at 85% of maximum control 
voltage. Positive and negative errors (b) and (c) are 
approximately equal and about half the error (a). 


calibrating at the 10 and 85% points. Lowering 
the range over which the control signal voltage 
varies also reduces the error. For example, 
reducing the maximum control voltage to 150v 
reduces the error to about 0.05% for PC 56 and 
0.1% for PC 57. 

Jitter is negligible when the suppressor voltage 
is maintained at least 2v positive with respect to 
the cathode during rundown. 

The control signal should be derived from the 
plate supply whenever possible to minimize the 
effects of changes in plate supply voltage. Under 
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these conditions a 10% change in supply voltage 
causes about 0.1% change of maximum duration. 
A 10% change in filament voltage also causes a 
0.1% change in duration. These changes in dura- 
tion are nearly constant over the range of the 
control voltage and are in the same direction. 3 If 
the plate supply and control voltage change 


independently the duration will change propor- 
tionally. When the circuit was operated from an 
unregulated supply, the change in duration with 
change in line voltage was not constant over the 
control range but varied from 0.1% to 0.6% of 
maximum duration as the control voltage in- 
creased from 20 to 250 volts. 


8B. Chance, ed., Electronic Time Measurements, Rad. Lab. Series, vol. 20, McGraw-Hill, 1949, p. 122. 
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NBS PREFERRED CIRCUIT NO. 60 
AUDIO VOLTAGE AMPLIFIER 


+150V 0C +150V OC 


Unless otherwise stated: 
Rin ohms 

Col inupf 

C<I in pf 

Lin ph 


OUTPUT 


Frequency response: 30 to 8000cps +1db. 

Voltage gain per stage: approximately 18. 

Intermodulation distortion: 2% at maximum output. 

Harmonic distortion: Jess than 1% at maximum output. 

Input level: 0.07v rms maximum. 

Output level: 2iv rms maximum output across 500Ke load. 
15v rms maximum output across 100Ka load. 

Noise level: 0.016v rms across 100Ke load. 

R2,R3,R5,R6: +10%; RI,R4: 1+20% limits. 

AllC: +20% limits. 
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PC 60 AUDIO VOLTAGE AMPLIFIER 
1. APPLICATION 


The purpose of the audio voltage-amplifier 
stage is to amplify audio signals in communications 
or other equipment to the level necessary to drive 
a power-output stage. 


2. DESIGN CONSIDERATIONS 


In choosing a tube for this application, the 
12AX7 was found to have the best characteristics. 


AUDIO VOLTAGE AMPLIFIER (PC 60) 
RESPONSE CURVE FOR 470 Kn LOAD 


VOLTAGE GAIN 


FREQUENCY (cps) 
Fig. 60-1 


It had one drawback however, as the tube is prone 
to be microphonic. Its equivalent, the 5751, which 
is not microphonic, has almost the same character- 
istics with one exception, the amplification factor 
of the 5751 is 70 while the amplication factor of the - 
12AX7 is 100. 


The circuit is conventional except for the 
degenerative feedback chosen to compensate for 
voltage and tube variation. 


The frequency response chosen adequately 
covers the speech range, which is from 150cps to 
7000cps, as shown in figure 60-1, with intermodu- 
lation distortion of 2%. 


Since the circuits p.eceding the audio section 
supply signal levels in the order of 0.01v rms to 
0.06v rms, a voltage gain of 320 was considered 
sufficient to drive a power-output stage. 


Each stage can be operated separately with no 
loss in gain per stage or loss in fidelity. 


Power-supply voltage was set at 150v because 
higher values would increase the voltage gain very 
little, while power dissipation would be increased 
by a lerge amount. This value is one of the 
preferred values of supply voltage. 
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AUDIO POWER AMPLIFIER 


: OUTPUT 
= 3002 


0.05 
+300 


Unless otherwise stated: 


R in ohms, 
C>linupf, C<linpf; 
Lin wh 


Frequency response: Down 3db at 300 and 6500cps. 
Maximum input level: 5v rms. 

Maximum output level: 25v rms across 3002 load. 
Maximum power output: 2 watts. 

Harmonic distortion: 4% at maximum power output. 
Output impedance: 3000 

Noise level: 0.005v rms. 

ALR: +202 limits. 

All C: +20% limits. 
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PC 61 AUDIO POWER AMPLIFIER 
1. APPLICATION 


The audio power-amplifier converts a signal 
voltage, generally obtained from a voltage ampli- 
fier, into an output of sufficient level for driving 
a transducer, such as a loudspeaker, or a long 
transmission line. 

The audio power-amplifier is used most 
frequently as the output stage of AM or FM 
receivers. 


2. DESIGN CONSIDERATIONS 


The tube type chosen was the 6005, which is 
the “reliable” equivalent of the 6AQ5. This beam 
power tube was selected because it has higher 
plate efficiency and greater power sensitivity than 
a triode, while the higher-order harmonic distor- 
tion is less than for power pentodes. The beam 
power tube distortion is predominantly second- 
harmonic and can be minimized by the use of 
negative feed back. 

The circuit is a conventional transformer- 
coupled power stage. A capacitor shunted across 


POWER AMPLIFIER 


the primary of the output transformer limits 
the high-frequency response. Its value may be 
lowered to favor the higher frequencies if desired. 

An important factor in determining the response 
of a power-amplifier is the output transformer. 
In equipment where space and weight are import- 
ant factors, it is necessary to limit the physical 
size of the transformers. This reduces the amount 
of iron and copper, thus limiting the low-frequency 
response and the primary current capacity. 

The transformer used in testing this circuit had 
a frequency response of +2db at 300 to 10,000cps 
and a maximum primary current of 40ma. Using 
a 0.0033uf capacitor across the primary of the 
output transformer, the frequency response of the 
amplifier is down 3db at 300 and 6500cps as shown 
in figure 61-1. 

Total harmonic distortion at maximum power 
output is less than 4% over most of the frequency 
range. At the lower frequencies the harmonic 
distortion rises very rapidly because of the drop 
in tube load impedance due to the shunting effect 
of the primary inductance of the output trans- 


(PC 61) 


RESPONSE CURVE FOR 3002 LOAD 


POWER OUTPUT (db) 


200 500 


1,000 
FREQUENCY (cps) 


Fig. 61-1 


Power output at odb: 2 watts 


2,000 5,000 10,000 
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HARMONIC DISTORTION VS FREQUENCY 


(%) 


HARMONIC DISTORTION 


1,000 2,000 3,000 


4,000 6,000 7000 


FREQUENCY (cps) 
Fig. 61-2 


former. Figure 61-2 shows the harmonic content 
of the amplifier at maximum power output. 
Figure 61-3 shows the rise in percent distortion 
with increase in power output. 


This circuit is designed to draw about 30ma 
plate current at maximum power output of 
2 watts. 


The output impedance was chosen as 3002 as 
this is a standard line impedance. Other output 
impedances may be taken by changing the output 
transformer to the desired ratio, keeping in mind 
that the primary impedance must be approxi- 
mately 5000a. 


HARMONIC DISTORTION (%) 


4. POWER AMPLIFIER (PC 61) 
HARMONIC DISTORTION VS POWER OUTPUT 


a 


nN 


Power output: 2Wat 1000 cps 


0.5 1.0 5 2.0 25 
OUTPUT. ( watts} 


Fig. 61-3 
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NBS PREFERRED CIRCUIT NO. 62 
DETECTOR AND NOISE LIMITER 


C2 
Unless otherwise stated: 
R in ohms, RA 
Colin puf, C<lin pf; 
Lin ph R3 ISK ote 
-I50VI 220K 
5726 5726 
VI V3 
RI 
22K 
5726 
\ 
INPUT || 100 v2 
R5 R6 
470K of7ok. 3 
0.1 510 
Detector: 


Input: i-f modulated signals; 1.6 to 30mc; 1 volt rms to 7v rms. 

Output: 0.025 to 0.20v rms audio signal across 22Ko load. 

DC voltage developed: --1.5v to —7.5v (automatic bias). 
Limiter: 

Output: 0.02 to 0.15v rms. 

Clips all pulses above automatic bias. 

Shunts output for noise-pulse magnitudes greater than — 10v peak. 
Frequency response: down 1.5db at 4000cps from 30eps. 
R3,R4: +10%;R1,R2,R5,R6: +20% limits. AllC: +20% limits. 
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PC 62 DETECTOR AND NOISE LIMITER 


APPLICATION 


The function of the detector and noise limiter 
combination is to demodulate the incoming signal 
and to reduce the effect of short-duration electrical 
disturbances on the output of an AM receiver. 


1. 


2. DESIGN CONSIDERATIONS 


The input is a modulated i-f sinusoidal signal. 
V1, the diode detector, is connected to clip the 
positive half of the signal. The carrier is bypassed 
to ground and the demodulated signal is fed to the 
plate of V2, the series noise limiter. The series 
limiter is biased automatically by the incoming 
signal; any noise pulse exceeding this bias is 
clipped. V3 is used as a shunt limiter. Noise 
pulses with peak amplitudes exceeding the fixed 
bias of —10 volts on the plate cause the diode to 
conduct, effectively placing a short circuit across 
the output of the last i-f transformer for the dura- 


GAIN (db) 


100 


DETECTOR AND NOISE LIMITER 
FREQUENCY RESPONSE CURVE 


Input to detector: 3V rms 


Percent modulation: 30% 
Input RF frequency: 3.45 mc. 


"o" reference level representse—| db 


500 


tion of the pulse. This pulse is thereby prevented 
from operating the age circuit and desensitizing 
the i-f amplifiers. 

The input level of the detector ranges from 1 to 
7 voltsrms. Output of the detector with the above 
input is from 0.025 to 0.2 volts rms across a 22K 
load. The output range can be extended by vary- 
ing the voltage divider at the output of the 
detector. 

The frequency input range of the detector 
dependsupon the rf bypass capacitor in the output.: 
The range may be extended by increasing the 
value of this capacitor. 

The frequency response of the detector and 
noise limiter combination is down 1.5db at 
4000cps from 30cps. The drop at the high end is 
due to the time constants of the filter network of 
the noise-limiter circuit. Figure 62-1 shows this 
response. 

Figures 62-2 and 62-3 (page 62-4) show the ac 
and de characteristics of the detector. 
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5,000 


1,000 10,000 


FREQUENCY (cps) 


Fig 62-1 
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DETECTOR AND NOISE LIMITER (PC 62) 
A C CHARACTERISTICS 


DETECTOR AND NOISE LIMITER (PC 62) 
DC CHARACTERISTICS 


O. 
= 0.12 
oO -6 wo 
2 € 
— » 
ae ae 
= = 
a Input: 3.45 mc i-f signal s ‘ge 
O72 30% mod. at lOOO cps 
a Load resistance: !70 « 7 
a. 
h 06 
9 ' 2.3 4 5 6 rs 2 Input: 3.45 mc i-f signal 
i-f INPUT (volts rms) 30 % mod. at 1000 cps. 
Fig. 62-2 ait Load resistance = |70K 
a 2 Output across 22 K 


02 


! 2 


3 4 5 6 
i-f INPUT (volts rms) 
Fig. 62-3 


NBS PREFERRED CIRCUIT NO. 63 
AUTOMATIC GAIN CONTROL 


NBS PREFERRED CIRCUIT NO. 63 
AUTOMATIC GAIN CONTROL 


Unless otherwise stated: (ase 
Rin ohms, R6 
Colin Bef, C<lin pf; 100K 
Linpgh 
O75] 
$2 R4 R8 
LAST 100K 220K 
eras TO SQUELCH 
CSS SS > 
! 5726 
5 AGC 
50K OUT 
C4 
= oS R}] 
680K 
RIO . 
330K 
RI2 
680 K 
R13 
-150V 220K 


Input: i-f modulated signals; 1.6 to 30mc. 

Level: 0 to 7v rms. 

Output: 0 to —35v de. 

Delay voltage: +1.5v de. 

R2,R6,R8,R10: +10%; R1,R3,R4,R5,R7,R9,R11,R12,R13: +20% limits. 
C8: +10%;C1,C2,C4: +20% limits. 
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PC 63 AUTOMATIC GAIN CONTROL 
1. APPLICATION 


Automatic gain-control is a device which auto- 
matically varies the over-all gain in a radio 
receiver in an inverse ratio to the strength of the 
received rf signal. 


2. DESIGN CONSIDERATIONS 


Amplified “age” was selected because this 
method offers an effective way of controlling the 
total amplification of a radio receiver. The 
advantages of this method are that it retains the 
full amplification. of the age channel under all 
conditions and some isolation between the age 
and i-f channel does exist. 

The signal is taken from the secondary of the 
last i-f transformer and is rectified by.a separate 
detector. The rectified positive voltage is used to 
control the de amplifier. The amplifier uses a 
5751 with cathode degeneration for gain stability. 

The voltage-divider network, connected from 
the plate of the amplifier to the negative voltage 
supply, effectively shunts the dc amplifier. 

The voltage divider at the output of the diode 
may be any combination of values as long as the 
total resistance is not less than 1.5Mo. Below 
this value the output of the circuit is reduced. 

This circuit has the advantage that if the dc 
amplifier becomes inoperative so that the 5751 
ceases to draw current, the receiver continues to 
operate. 

Figure 63-1 is an age characteristic curve show- 
ing peak-to-peak input volts at the age detector 
versus age output voltage. The slight reverse 
bend in the curve is due to the response of the de 


amplifier. Figure 63-2 is an age performance 
ie AUTOMATIC GAIN CONTROL (PC 63) 
CHARACTERISTIC CURVE 
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DETECTOR INPUT (volts peak) 


Fig. 63-1 
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725 AUTOMATIC GAIN CONTROL (PC 63) 
PERFORMANCE CURVE 


Delay: +1.5v. 


AGC OUTPUT (volts) 


100 200 300 400 86600 600 
INPUT (pv) 
Fig. 63-2 
curve showing agc control on a three-stage i-f 
strip. Two of the i-f amplifiers have full age 
voltage applied to them while the stage preceding 
the age detector has only a part of the age voltage 
applied. This was done to reduce distortion due 
to nonlinearity of the tube characteristics. The 
most severe conditions for nonlinear distortion 
will be obtained in the i-f stage preceding the 
detector stage and the worst condition is given 
when the grid bias, due to age, is large. 

Under no-signal conditions, the age amplifier 
stage is cut off and 1.5v positive can be measured 
at the junction of R8 and R10, due to the values 
chosen for the voltage-divider network. This 
voltage is used to delay the application of age 
voltage to the i-f and rf stages. In addition, this 
positive voltage is used to operate the squelch 
circuit PC 64. Also at the junction of R8 and R10 
a diode is connected so that it will only pass a 
negative voltage, thus providing “delayed age” 
and protecting the controlled stages from high 
positive potentials in case the negative supply 
voltage fails. . 

With an input signal, an integrated positive dc 
voltage is applied to the grid of the de amplifier, 
causing it to conduct. This produces a voltage 
drop at the plate which in turn produces a nega- 
tive voltage at the junction of R8 and R10. This 
voltage is then applied to the cathode of a diode 
whose plate circuit feeds the age voltage to the i-f 
and rf amplifiers. The age is delayed because no 
age voltage is applied to the grids of the controlled 
stages until the carrier amplitude reaches a high 
enough value to overcome the positive delay 
voltage. Therefore, the receiver will have its 
maximum sensitivity for signals below this level. 


700 900 900 61000 
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SQUELCH 
+150V 
Aupio 2.95 
INPUT R5 
100K | C2 
0:05 +0 SECOND 
RI 575| AUDIO © 
TO AGC 100K RO, (SEE NOTE 2) 
DELAY VOLTAGE cancel papain 
R3 
(SEE NOTE 1) es RS 
470K 
R6 
= R4 
d 330K 100 
4 SWITCH 
R7 
1.5K 
R8 
Unless otherwise stated: IK C3 
R in ohms; 0.05 
C>linuxyf, C<linpf; 
Lin gh 
Input: 


(a) No signal condition: age delay voltage of +1.5v de. 

(b), Signal condition: age voltage of 0 to —35v de. 
Cutoff voltage: —1.6v de for threshold set at minimum sensitivity. 

—0.8v de for threshold set at maximum sensitivity. 

R3,R4,R5: +10%; R1,R2,R6,R7,R8: +20% limits. 
AIC: +20% limits. 
Notes: 

1. This point is connected at the potentiofmeter arm of R9 of PC 63 or, in case another age 
circuit is used, to the age delay point. 

2. The audio section of this circuit includes the first audio of PC 60. 
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PC 64 SQUELCH 
1. APPLICATION 


In a sensitive receiver incorporating age the 
purpose of the squelch circuit is to reduce the 
objectionable increase in noise output as the 
receiver is tuned from one signal to another. It 
is also used to silence the receiver until a signal of 
usable level is received. 


2. DESIGN CONSIDERATIONS 


With this type of circuit it is desirable for the 
receiver to come into operation with the weakest 
possible signal voltage. To achieve this high 
sensitivity without excessive background noise 
from various sources, it is desirable to have a 
variable ‘‘threshold”’ control. This control, which 
is located in the cathode circuit, varies the amount 
of bias on the squelch tube and therefore controls 
the sensitivity of the circuit. The squelch tube is 
used as a dc amplifier to control the amount of 
bias on the first audio stage. 


With no input signal to the receiver, the age 
delay voltage, which is positive, appears on the 
grid of the squelch tube, causing the tube to draw 
maximum current. The current flowing through 
the high-value plate resistor produces a voltage 
drop at the grid of the first audio, thus cutting off 
the stage. For signal conditions, the grid of the 


squelch tube becomes negative, due to age action, 
so that this stage is cutoff and the first audio 
amplifier operates at normal gain. The squelch 
tube cuts off with an age input of —0.8v de at 
maximum sensitivity and at —1.6v de at mini- 
mum sensitivity. 

The cathode circuit of the squelch is completed 
through a switch, which is normally closed. By 
opening the switch the squelch is made inopera- 
tive. The bias on the cathode is varied from 
approximately +2 volts for maximum sensitivity 
to 0 volts for minimum sensitivity by the thresh- 
old control. 

The sensitivity of the circuit is shown graphical- 
ly in figure 64-1. The threshold control is set for 
maximum sensitivity. 


SQUELCH SENSITIVITY CURVE 


THRESHOLD CONTROL SET 
AT MAXIMUM SENSITIVITY 


OUTPUT OF AUDIO AMPLIFIER (VOLTS RMS) 


oO al 2 3 4 5 6 7 8 3 oO 
INPUT TO DC AMPLIFIER (VOLTS) 
Fig. 64-| 
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INSTRUMENT SERVO MOTOR CONTROLLER 


NBS PREFERRED CIRCUIT NO. 70 
INSTRUMENT SERVO MOTOR CONTROLLER 


+250V 


Unless otherwise stated: 
R in ohms; 


Colin seycf; C<lin pf, 
Linpth 


FIXEO PHASE 
EXCITATION 


Components: 


Servo motor: Mark 7 Mod 1 or Mark 14 Mod 0, Navy Bureau of Ordnance. 
CR1: Silicon rectifier with rating of 75 ma and 70-volt reverse working voltage. 


All R: 420% limits. C2: +20% limits; C1, C3: —20%, + 50% limits; C4: +10% limits. 
(Note 3) 


(Specifications continued on next page.) 
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Operating characteristics: 

Signal frequency: 380 to 420 cps. 

Small-signal voltage amplification: 65. 

Effective load resistance: 2K to 4KQ. 

Nominal power output: 1 watt. 

Voltage output: Equivalent to 50 volts rms of fundamental in-phase component. 

Power requirements: 

250 volts dec £5% at 18 ma for zero signal, and 30 ma for maximum signal. 

6.3 volts ac +10% at 600 ma. 

Notss: 

1. C4 resonates with the motor winding. Because of the large resonance currents, a 100-volt 
rms rating at the highest expected ambient temperature is required. An extended foil type is 
recommended to decrease dissipation. Typical values are 0.27 uf for the Mark 7 Mod 1 and 0.15 uf 
for the Mark 14 Mod 0. Phase 

2. CR1 and R8 are selected to provide the desired amount of direct current in fixed, winding. 
(See section 2.3.) 

3. The performance specifications are based on component values which do not deviate from 
the nominal by more than the limits specified above. Thus the term “limits” includes the initial 
tolerance plus drifts caused by environmental changes or aging. 

4. Separate ground systems are required for signals, power, and shielding. (See Notes to the 
Preferred Circuits Manual, section 15.) 
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NBS PREFERRED CIRCUIT NO. 71 


SERVO PREAMPLIFIER, AMPLIFICATION 15 


NBS PREFERRED CIRCUIT NO. 71 
SERVO PREAMPLIFIER, AMPLIFICATION 15 


+250V Unless otherwise stated: 
ee on , 

>Ilin ; C< lines; 
L oy 


INPUT 
obee 
CHOPPER 
(NOTE 1) 5G, R7 <, OUTPUT 


Components: 

All R: 420% limits. C1, C4: +20% limits; C2, C3: —20%, +50% limits. (Note 3) 
Operating characteristics: 

Signal frequency: 380 to 420 cps. 

Voltage amplification for 400 cps input: 15. 

Approximate voltage amplification for de input: 2.0 volts peak-to-peak output for 0.1 volt 

de input. 

Maximum sine-wave output voltage: 7.5 volts rms (2.5% distortion). 

Power requirements: 

250 volts dec +5% at 0.7 ma. 

6.3 volts ac +10% at 300 ma (150 ma if a 5718 is used). 
Norss: 

1. Chopper is used with de inputs only. 

2. If a single triode is required, a 5718 may be used to provide a gain of 11. 

3. The performance specifications are based on component values which do not deviate from 
the nominal by more than the limits specified above. Thus the term “limits” includes the initial 
tolerance plus drifts caused by environmental changes or aging. 

4. Separate ground systems are required for signals, power, and shielding. (See Notes to the 
Preferred Circuits Manual, section 15.) 
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475971 O- 59-5 


NBS PREFERRED CIRCUIT NO. 72 
SERVO PREAMPLIFIER, AMPLIFICATION 70 


+250V Unless otherwise stated: 
Rinohms; 
R3 Colinzpf; C<linpf; 
K . 
INPUT ae? Lin ph 
CHOPPER C5 
(NOTE 1)9 6) 0.022 
OUTPUT 
150 WVDC 
Components: 


All R: +20% limits. C1, C5: +20% limits; C2, C3, C4: —20%, + 50% limits. (Note 2) 
Operating characteristics: 

Signal frequency: 380 to 420 eps. 

Voltage amplification for 400 cps input: 70. 

Approximate voltage amplification for de input: 2.0 volts peak-to-peak output for 0.02 volt 

de input. 

Maximum sine-wave output voltage: 7.5 volts rms (2.5% distortion). 

Power requirements: 

250 volts dc +5% at 0.75 ma. 

6.3 volts ac +10% at 150 ma. 
Nores: 

1. Chopper is used with de inputs only. 

2. The performance specifications are based on component values which do not deviate 
from the nominal by more than the limits specified above. Thus the term “limits” includes 
the initial tolerance plus drifts caused by environmental changes or aging. 

3. Separate ground systems are required for signals, power, and shielding. (See Notes to 
the Preferred Circuits Manual, section 15.) 
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SERVO PREAMPLIFIER, AMPLIFICATION 300 


NBS PREFERRED CIRCUIT NO. 73 
SERVO PREAMPLIFIER, AMPLIFICATION 300 


+250V Unless otherwise stated: 
Rinohms; 

Coline, C<lin pf; 
Lin beh 


RS in 
00K Tis wvoC 
Components: 

All R: +20% limits. C1, C3, C6: +20% limits; C2, C4, C5: —20%, +50% limits. (Note 2) 
Operating characteristics: 

Signal frequency: 380 to 420 eps. 

Voltage amplification for 400 cps input: 300. 

Approximate voltage amplification for de input: 2.0 volts peak-to-peak output for 0.004 

volt de input. 

Maximum sine-wave output voltage: 7.5 volts rms (2.5% distortion). 

Power requirements: 

250 volts dc +5% at 1.5 ma. 

6.3 volts ac +10% at 300 ma. 
Norss: 

1. Chopper is used with de inputs only. 

2. The performance specifications are based on component values which do not deviate from 
the nominal by more than the limits specified above. Thus the term “limits” includes the initial 
tolerance plus drifts caused by environmental changes or aging. 

3. Separate ground systems are required for signals, power, and shielding. (See Notes to 
the Preferred Circuits Manual, section 15.) 
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NBS PREFERRED CIRCUIT NO. 74 
SERVO PREAMPLIFIER, AMPLIFICATION 1200 


+250V Unless otherwise stated: 
Rin ohms; 
R3 C>linpepef, C<lin pf; 
100K Linpth 
,(NPUT 
RI R4 R7 
470K 220K c3 220K C6 
0.022 0.022 
CHOPPER vi V2 
(NOTE!) Cl eile + ele 
0.01 liseli 
patos ss ete 
500K = 
R2 
1M 
C2 C4 
RSF s0uf R8 Fsoute RY 
68K | Gwvoc 7&8 lewvpcy | 56 wvoc 
Components: 


All R: 420% limits. C1, C3, C6: +20% limits; C2 C4, C5: —20%, +50% limits. (Note 2) 
Operating characteristics: 

Signal frequency: 380 to 420 cps. 

Voltage amplification for 400 cps input: 1200. 

Approximate voltage amplification for de input: 2.0 volts peak-to-peak output for 0.001 

de input. 

Maximum sine-wave output voltage: 7.5 volts rms (2.5% distortion). 

Power requirements: 

250 volts dc +5% at 1.5 ma. 

6.3 volts ac +10% at 300 ma. 
Nores: 

1. Chopper is used with dc inputs only. 

2. The performance specifications are based on component values which do not deviate from 
the nominal by more than the limits specified above. Thus the term “limits” includes the 
initial tolerance plus drifts caused by environmental changes or aging. 

3. Because of the high gain of this circuit, care in layout must be exercised to avoid oscillation. 

4. Separate ground systems are required for signals, power, and shielding. (See Notes to the 
Preferred Circuits Manual, section 15.) 
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PC 70 INSTRUMENT SERVO MOTOR CONTROLLER 
PC 71, 72, 73, AND 74 SERVO PREAMPLIFIERS 


1. APPLICATION: 


The instrument servo motor controller, PC 
70, is used to excite the control winding of a 
two-phase servo motor of the Navy Bureau of 
Ordnance size 11 or size 15 class similar to Mark 
7 Mod 1 and Mark 14 Mod 0, as identified in 
Navy Bureau of Ordnance Publication OP- 
1755-A. The circuit will deliver a nominal 
output of one watt to loads with effective 
resistances between 2K and 4KQ. 

The 50-volt maximum output of PC 70 is less 
than the rated control voltage of either of the 
motors specified. The speed and torque per 
degree error are increased, however, by the use 
of direct current in the motor windings to 
increase the motor damping and permit higher 
amplifier gains. The result is a servo with 
improved torque and speed of response at low 
inputs (small errors), although maximum speed 
and torque are decreased. 

The 115-volt connection for the motor control 
winding must be used to satisfy the load im- 
pedance requirements. With direct current in 
the windings and the 50-volt maximum output 
of the amplifier, the no-load speed of themotor 
is reduced 25% and the stall torque about 50% 
from their rated values. The decreased no-load 
speed increases the settling time when the com- 
puter is turned on and also the time required 
for the computer to respond to large errors. 
The decrease in stall torque can be tolerated 
if the loaded motor will run continuously 
with 10 volts on the control phase and 115 volts 
on the fixed phase. 

The preamplifiers, Preferred Circuits 71, 72, 
73, and 74, are used with the instrument servo 
motor controller to increase the available gain. 
The choice of preamplifier circuit depends on 
the gain required, which in turn depends on the 
error voltage per degree error available. 

These circuits wereselected as preferred circuits 
becauseoftheirsimplicity. Since they form part 


1 The basis of selection of these Preferred Circuits is 
discussed in the Notes to the Preferred Circuits Manual, 
section 15. 
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of an all-ac servo, the drift due to environmental 
changes, input power variations, or gain changes 
in the amplifier is slight, and a balance control is 
unnecessary; the performance is adequate for 
most airborne computer applications. While 
the method of obtaining damping is unconven- 
tional, the circuit is not new and has had 
extensive field use in airborne fire-control 
equipment. 

Analog computer applications of these circuits 
are found in section 4 below where a summing 
amplifier, dc and ac integrators and differentia- 
tors, and a gain-compensating servo are de- 
scribed. For a general discussion of analog 
computers, see Notes to the Preferred Circuits 
Manual, section 15. 


2. DESIGN CONSIDERATIONS 


2.1 Instrument Servo Motor Controller: The 
motor controller consists of a pentode voltage 
amplifier followed by a cathode follower power 
amplifier used to drive the control winding of a 
servo motor. Direct current is used in both 
the control and fixed phase windings to in- 
crease the motor damping and improve its 
performance. 


(a) Cathode follower: The triode connected 
6005/6AQ5 used as a cathode follower is capable 
of driving the control winding of either of the 
specified instrument servo motors directly. 
Placing the load at the cathode rather than 
at the plate requires increased drive, but im- 
proves the damping and minimizes the tendency 
of the motor to single phase, i. e., run as a single 
phase motor when the excitation is removed 
from the control winding. The added damping 
is not realized if the control field is placed in 
the plate circuit. 

The circuit is capable of delivering one watt 
to the control winding of a servo motor, pro- 
vided the effective resistance is between 2K and 
4K. The maximum voltage output under 
these conditions is about 50 volts rms at the 
fundamental frequency. The winding is rated 
for 115 volts rms, but 50 volts rms will produce 
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75% of the rated no-load speed and 50% of 
the rated stall torque. The performance at 
maximum output would not be improved by 
using the 57.5-volt control winding, since the 
effective resistance would be reduced by a factor 
of four, and the impedance mismatch would be 
increased. Capacitor C4, whose value is usu- 
ally specified by the motor manufacturer, reso- 
nates with the motor winding. 


(6) Voltage amplifier: The voltage amplifier 
employs a 5840 subminiature pentode in a cir- 
cuit with a gain of about 90 and negligible phase 
shift at frequencies in the vicinity of 400 cps. 
Some degeneration, which aids in stabilizing 
the gain, is provided by the omission of the 
screen bypass capacitor. A 6AU6WA may be 
substituted for the 5840 if a miniature tube is 
desired. The series grid resistor limits grid 
current when the error voltage is large. This 
resistor should be included whether the amplifier 
is driven directly by a synchro or is preceded 
by one of the preamplifiers. 


2.2 Preamplifiers: The four servo preampli- 
fiers (PC 71 through PC 74) have voltage gains 
ranging from 15 to 1200. Each is provided 
with a gain control, which is usually required 
when potentiometers are used in the follow-up 
system. Only a limited range exists between 
the gain control setting at which hunting be- 
tween the potentiometer wires occurs and the 
setting at which the torque gain is sufficient to 
overcome the static friction and produce good 
positional accuracy. A gain control is required 
to set the operating point of the servo system 
so that it lies between the two limits described 
above. For applications in which the gain re- 
quired in the preamplifier is only slightly higher 
than that provided by one of the units, the next 
higher gain unit is likely to operate with its 
gain control at too low a setting to give easy 
adjustment. This difficulty can be corrected 
by using logarithmic controls or by adding a 
resistor in series with a linear control in the 
higher gain unit. 

For de applications both the input and chop- 
per connections are used. When the analog is 
an ac voltage, the chopper is not needed and 
Ri limits grid current during large error signals. 
The de gain is different from the ac gain because 


the chopper does not produce an output of one 
volt of ac for each de volt input. 


2.3 Servo Motor: Direct current is used in the 
fixed winding of the servo motor to increase the 
damping and to produce a time constant which 
is nearly uniform over the range of control 
voltages. This permits a higher amplifier gain 
for a given peak amplitude in the closed-loop 
frequency response, and increases the frequency 
at which the peak response occurs. 

The direct current in the fixed phase winding 
of the servo motor results in a more linear speed 
versus voltage characteristic, as indicated in 
figure 74-1 (a). As the amount of direct cur- 
rent in the fixed phase is increased, the initial 
slope of the speed characteristic decreases, but 
the linear portion is extended up to a 60-volt 
input. Over the larger part of this range the 
stall torque is unaffected. At inputs above 60 
volts, the opposite effect occurs, and the torque 
is reduced more than the speed. The effect on 
the stall torque is shown in figure 74-1 (b). 

The motor velocity constant, K, (Ky=@oui/ Vin 
radians per second per volt), is proportional 
to the slope of the torque-voltage characteristic 
and to the reciprocal of the viscous damping. 
The reciprocal can be obtained approximately 
by dividing no-load speed by the stall torque for 
a given input voltage. In the region between 
0 and 60-volt input, the slight reduction in the 
slope of the torque characteristic, as well as the 
reduction in no-load speed for a given input 
voltage, results in a smaller velocity constant 
but one which is more uniform over the range of 
input voltages. The amplifier gain can be in- 
creased to compensate for this reduction in the 
velocity constant.? 

The motor time constant is proportional to 
the moment of inertia and to the reciprocal of 
the viscous damping. The moment of inertia 
is a constant which is unaffected by the direct 


? The open-loop transfer function of PC 70 is of the 
form 
Gu Gout AK, 


Vin 8(1+Ts) 


where A is the amplification, K, is the velocity 
constant, T' is the time constant of the motor, and 
s is the Laplace operator. Since A and K, occur as a 
product, either can be increased to compensate for a 
decrease in the other. 
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current in the windings, while the effect of the 
direct current on the reciprocal of the damping 
can be determined by plotting the ratio of no 
load speed to torque versus control voltage. 
The product of this ratio and the rotor inertia 
is the time constant, which is plotted against 
control voltage in figure 74-2. The time con- 
stant over the entire range of input voltages is 
reduced to its approximate value at rated maxi- 
mum input voltage with no direct current in 
the fixed winding. The frequency at which the 
peak of the closed-loop response occurs is in- 
creased since it is inversely proportional to the 


RPM IN THOUSANDS 


f0] 20 40 60 BO 100 120 
CONTROL WINDING VOLTAGE 


(a) No-load speed 


OMADC 
40MA DC 


60MA DC 


80 MA DC 


CONTROL WINDING VOLTAGE 


(b) Stall torque 


Figure 74-1—Effect of direct current in the fixed 
phase on the performance of an instrument servo 
motor 
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TIME 
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SECONDS 
07 


06 


04 


03 


ROTOR INERTIA 3.3 GM Cm? 


CONTROL WINDING VOLTAGE 


Figure 74-2—Effect of direct current in the fixed 
phase on the time constant of a typical instru- 
ment servo motor. 


time constant. The speed of response is im- 
proved because it is very nearly proportional 
to the frequency of the peak closed-loop 
response.® 

3 When connected in a synchro loop whose output and 


input shaft positions are 0ou; and 0;,, respectively, the 
closed-loop transfer function is 


our G _ T 
Gin 1+G 4, 1,,K 
S45 8+ F 


where K is the open-loop gain including the synchros; 
the other symbols are defined in footnote 2. The de- 
nominator is the characteristic of the system and is of 
the form 


82+ 26068 + wo? 
where w= alK 
T 
1 
and \=oTo, 
from which ae 
rom whic wo a5TF 


The frequency at which the peak in the closed-loop 
response occurs is inversely proportional to the damping 
factor, 6, and the motor time constant, T. The damp- 
ing factor is fixed by the allowable peak amplitude; 
therefore, for a fixed peak amplitude, w, is inversely 
proportional to the motor time constant. 
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(6) Without de in the fixed phase 


Figure 74-3—Step input response of PC 70 used in 
a synchro servo circuit 


The response of the synchro servo circuit 
(fig. 74-5) to a step input is indicated in figure 
74-8, which shows clearly that the damping is 
improved by the direct current in the fixed 
phase. When the direct current is removed, 
the decrease in the damping results in a less 
stable system, unless the amplifier gain is also 
reduced with a corresponding reduction in the 
speed of response. 

The direct current is obtained by placing the 
parallel combination of CR1 and R8 (see p. 
70-2) in series with the fixed phase of the 
motor to produce both direct and alternating 
current components in the winding. The cir- 
cuit of figure 74-4 is suggested for determining 
the effects of direct current in the fixed-phase 
winding on the performance of the motor. 


SERVO MOTOR 


SV 
400 CPS 


No DUUST FOR 90° 


A 
CONTROL] PHASE DIFFERENCE 
BETWEEN WINDINGS 


N A 


Figure 74—4—Circuit for evaluating performance 
of servo motor with direct current in the fixed 
phase 


The no-load speed and stall torque are meas- 
ured over the range of control voltages with 
the magnitude of the direct current as a param- 
eter. The optimum amount of direct current 
is that which produces the most uniform time 
constant (fig. 74-2), and CR1 and R8 can be 
selected to obtain this current. CR1 must be 
polarized in the direction which gives sym- 
metrical speed-versus-voltage curves for both 
directions of rotation. The value of R8 is 
best determined experimentally. A value 
should be chosen which will produce the de- 
sired amount of direct current without severely 
distorting the ac component; 7500 is typical 
for servo motors of the type specified. 
Preferred Circuit 70 has been used success- 
fully with Dolecam SM071A, GM Labs 665- 
54-10, John Oster 15~5153-11 and 11-5101-10, 
and Kearfott R110 and R119 servo motors. 
When the effects of direct current on the per- 
formance of equivalent instrument servo mo- 
tors are being determined, the extent to which 
the direct current heats the windings and 
saturates the iron should be observed. 


3. PERFORMANCE 


3.1 Instrument Servo Motor Controller, PC 70: 
The over-all performance of the motor control 
circuit depends on the servo motor used. The 
test data were obtained using a Kearfott R110 
servo motor with a gear ratio of 72.5 to 1 from 
motor to follow shaft. Any of the other motors 
mentioned in the preceding paragraph will 
give similar results. 

Both gain and power output vary with the 
effective resistance of the motor winding, but 
are within the limits specified, provided this 
resistance is between 2K and 4KQ. The gain 
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FOLLOW 
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A 
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380 TO 420 CPS 
B 


Figure 74-5—Synchro servo circuit 


will vary from the nominal value by as much as 
+4% because of the range in transconductance 
permitted by MIL-E-1/82B and MIL-E- 
1/13B. Simultaneous 10% changes in plate 
and filament supply voltages, which are addi- 
tive in effect, result in a gain change of less 
than 4%. 

For synchro retrieving, PC 70 may be con- 
nected as indicated in the synchro servo cir- 
cuit, figure 74-5. With an error voltage from 
the synchros of 0.45 volts per degree follow 
error and a 72.5 to 1 gear box, a velocity 
constant of 160 degrees per second per degree 
error is obtained. This gives a frequency 
response which has a peak of 2 at 11 cps. 
The stability is not conditional, and a gain 
control is unnecessary. 

For satisfactory performance the residual 
signal at null due to quadrature and harmonic 
components must not exceed 0.2 volts rms 
at the input of PC 70 or exceed 15 volts rms 
at the motor control winding. The gear box 
should have less than 0.003 inches total. back- 
lash measured at a one-inch radius on the output 
shaft. In addition, the friction should be 
low enough for the gear box and motor combi- 
nation to run continuously with 10 volts on 
the control phase and 115 volts on the fixed 
phase. 


3.2 Preamplifiers PC 71 through PC 74: The 
performance of the preamplifiers is specified 
on pages 71~2, 72-2, 73-2, and 74-2. At room 
temperature, the amplification will not change 
more than 10% from the nominal as a result of 
deterioration of tube performance (within 
MIL end-of-life limits) and 10% changes in 
supply voltage in the direction that causes 
greatest change in performance. 
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4. EXAMPLES OF USE 


Preferred circuits 70 through 74 are suitable 
for computer systems in which either ac or de 
voltages are used as the analogs of physical 
quantities. If the input analog is an ac voltage, 
the circuit is connected as shown in figures 74-5 


oReamdt 74-6; differentiation and integration can be 


performed by employing tachometers, as indi- 
cated in the examples in sections 4.5 and 4.6. 
For dc applications a chopper is added as shown 
in figure 74-7; typical de applications are de- 
scribed in sections 4.1 through 4.4. 


4.1 Summing Amplifier: Parallel addition net- 
works may be used as shown in figure 74-7 to 
obtain a shaft position which is proportional to 
the sum of the input voltages. The relation- 
ship between the shaft position and the input 
voltages is obtained by assuming that the 


FOLLOW 


SS 
PC 70 
AND 


PREAMPLIFIER | 


Figure 74-6—AC servo circuit 


FOLLOW 


Figure 74-7—DC summing amplifier 
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AND I 
PREAMPLIFIER) 


Figure 74-8—Reciprocal servo circuit 


DEGREES 


Figure 74-9—Output (degrees) of the reciprocal 


servo versus input (volts) 


voltage at the summing junction is zero and 
solving for the currents at this node. 


Omaz Rl Rl 
asf (v; Rot 2 R3 


where Omar is the total possible rotation of the 
potentiometer shaft and @ is the actual angle of 
the shaft; the other quantities are identified in 
figure 74-7. The resistance of the potentiom- 
eter must be small compared to that of the 
feedback resistor, R1. 


4.2 Gain Compensated Servo: Some servos must 
be gain compensated for satisfactory operation 
because the required servo amplifier gain varies 
with the magnitude of the input signal. An 
example of such a servo system is shown in 


figure 74-8; this reciprocal servo is used to ob- 
tain a follow shaft position, 6, proportional to 
the reciprocal of the dc input voltage, V,,. The 
relationship between the input voltage and the 
follow shaft position is shown in figure 74-9. 

In the reciprocal servo the retrieving is ac- 
complished by means of a linear potentiometer 
excited by the input voltage, V,,. The poten- 
tiometer wiper arm is positioned by the follow 
shaft. The voltage at the wiper arm is com- 
pared through the gain-compensating potenti- 
ometer with a 2-volt reference. The servo 
controller is arranged to position the follow 
shaft so that the difference between the voltage 
at the wiper arm and the 2-volt reference is 
reduced to zero. 

The gain-compensating potentiometer is also 
a linear potentiometer, with its wiper arm 
positioned by the follow shaft. Without this 
potentiometer, the velocity constant would 
vary directly with the input voltage. This 
would result in poor positioning for small input 
voltages, and in hunting between potentiometer 
wires for large input voltages. With the gain- 
compensating potentiometer attenuating the 
error signal, V, to the servo amplifier, a uniform 
velocity constant is maintained as the servo 
approaches its correct position. This allows 
the servo to position accurately and stably for 
inputs between 2 and 100 volts. 

The full counterclockwise shaft position cor- 
responds to an infinite input voltage which re- 
quires zero amplifier gain. If the gain compen- 
sator were allowed to reduce the gain to zero, 
the servo would become permanently stuck 
when positioned at this point. This difficulty 
can be avoided by adding a small resistor at the 
counterclockwise end of the gain-compensating 
potentiometer. If the source from which the 
analog signal voltage is derived always remains 
proportional to the de reference power supply 
from which the 2-volt reference is obtained, the 
output shaft position will be unaffected by vari- 
ations in the dc reference voltage. 


4.3 DC Integrating Servo: If the input analog 
is a de voltage, integration can be performed 
by servo systems that employ frequency- 
sensitive feedback networks. Satisfactory 
performance cannot be obtained unless, in 
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FOLLOW 


cl 
pf ti% 


Figure 74-10—DC integrating servo 


addition to the feedback network (Rl, Cl), 
another frequency-sensitive network (R2, R3, 
C2) is added to alter the performance of the 
basic motor controller. An example of such a 
servo system is shown in figure 74-10. This 
system is used to obtain a follow shaft position, 
6, proportional to the time integral of the dc 
input voltage, Vin. Switch SWI is normally 
closed and maintains the follow shaft in its 
initial position, theta equals zero. It is opened 
to start the integration. 

The performance of the unit should be 
reasonably independent of the gain of the 
motor controller. If a low-resistance, linear 
retrieving potentiometer is used, and the motor 
controller maintains the error voltage, V, equal 
to zero, the following relation between @ and 


Vin exists: 
= (on) 
Ve \RiCis 


‘vata J, Vin(t)dt 


where ¢, is the time of observation of 8, t, is 
the time when SW! was opened, and V,,(t) is 
the input voltage as a function of time. The 
symbol s stands for the Laplace operator and 
may be replaced by jw to give the steady state 
frequency response. It may be interpreted also 
as the differential operator, d/dt; hence, 1/s 
indicates integration. In an actual system an 
error voltage, V, different from zero is required 
to actuate the motor controller. For this 
reason, the expressions stated above do not 
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exactly define the relationship between @ 
and Vin. 

Analysis of the exact performance is simpli- 
fied by referring to the equivalent block dia- 
gram, figure 74-11. In this diagram, s represents 
the effect of the feedback network‘ and G is 
the transfer function of the motor controller. 


Figure 74-11—Block diagram of integrating servo 


From this diagram it is evident that the rela- 
tion between @ and is 


an wean 8 (5) 


For the preferred circuit the transfer function 
is of the form 


AK, 
= Ts) 


where A is the voltage gain of the preferred cir- 
cuit including the preamplifier if used, and 
K, and T are the velocity constant and time 
constant, respectively, of the servo motor and 
gear box. 


Combining these two equations we obtain 


Vans (aK FT) 


and if Ts < 1 


f. A 1 _AK, _ 
Vin S\AK,+1 


Even at low frequencies where 7s is small 
compared to 1, the relationship is not suffi- 
ciently independent of gain and is not equal 
to the desired result: 0/V;,=1/s. If the con- 
troller is preceded by an integrator to obtain 


4In an integrator, the error signal is obtained by 
comparing the input with the derivative of the output. 
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a new transfer function G’ consisting of the 
original G multiplied by 1/s, the following 
relations will exist: 
gr AK 
8?(1+-Ts) 


Ve = (aR Te ART TE) 


If Ts? and s are each much less than AK,, then 
§/Vin * 1/s. In this case, the integration is 
sufficiently independent of changes in AK,. 
For short integration periods such as are re- 
quired in airborne fire-control equipment, one 
integration in the controller can be approximate. 
This can be accomplished by placing an integral 
network such as R2, R3, and C2 in the error 
signal path (fig. 74-10). In the construction 
of a servo integrator for a high performance 
inertial guidance system where integration is 
to extend over a long period, a second motor 
would probably be employed to produce the 
required double integration in the controller. 


In the typical system shown in figure 74-10, 
the high gain preamplifier PC 74 is used. The 
potentiometer is a 10KQ linear wire-wound 
unit with a total rotation of 300 degrees and 
a tap at the 50% resistance point.x The refer- 
ences are plus and minus 20 volts. The out- 
put is 7.5 degrees per second for an input of 
1 volt using the R110 motor and a 72.5 to 
1 gear ratio. 


44>. Differentiating Servo: The servo system 
shown in figure 74-12 provides a shaft follow 
position, @, proportional to the time deriva- 
tive of the de input voltage, V,,; C2 and R2 
are added to filter the derivative and to im- 
prove the stability of the circuit. With the 
component values given in figure 74-12, satis- 
factory performance is obtained without add- 
ing a network to alter the basic transfer func- 
tion Gof the controller. The basic response ® 


5'The basic response of this circuit is obtained by 
writing the current equations for the node at the input 
to the preferred circuit and assuming that the feedback 
network and controller act to maintain this node at 
ground potential. For the circuit of figure 74-12 the 
basic response is 


Omaz RICls 
T= (1+ RIC2s) (1+ R2C1s8) 


C, 1S @ = STyRewe or other 
Low. Aeakage CAPRci7 ee. 


in this case is 
obo oS 2 OS st 
Vin Vr (1+0.099s)(1+0.04s) 


The actual response is this basic response mul- 
tiplied by a factor which is similar to that 
given for the frequency response of the simple 
servo. For the reference voltages and poten- 
tiometer used, this system gives an output dis- 
placement of 60 degrees for an input of 1 volt 
per second when using the R110 motor and a 
72.5 to 1 gear ratio. 


4.5 AC Differentiating Servo: To obtain the 
derivative of an ac analog, it is only necessary 
to make the shaft position proportional to the 
ac input voltage, and drive a tachometer 
through a suitable set of gears from the con- 
troller output shaft. The output of the 
tachometer will be an ac voltage that is pro- 
portional to the derivative. The required 
shaft position can be obtained using the circuit 
of figure 74-6. Drag-cup induction tachom- 
eters are made specifically for this purpose. 
These tachometers are usually temperature 
controlled or temperature compensated to give 
a constant output versus speed curve. They 
are available with a linearity of 0.1% with 
speed, but the errors from changes in scale 
factor due to changing line voltage and fre- 
quency, uneven temperatures, etc. must be 
considered in determining the over-all accuracy 
of the system. In addition, the effects of the 
added inertia on the servo system and the high 
speed needed to get reasonable voltages must 
be considered in designing such a system. 


FOLLOW 


Figure 74-12—DC differentiating servo 
1, 1958 
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FOLLOW 
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BALANCE 
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DEMODULATOR 
CHOPPER 


500 ces 


MODULATOR 
CHOPPER 


400 CPS 


Figure 74-13—AC integrating servo 


4.6 AC Integrating Servo: In making an inte- 
grator a tachometer may be used as the feed- 
back element to give the required “‘s’, as 
indicated in figure 74-11. In this case the 
needed integral network cannot be added 
directly. (See Sec. 4.3.) It is necessary to 
demodulate the errror signal, integrate in the 
added network, and remodulate. This proce- 
dure allows the signal frequency and the motor 
voltage frequency to be different. An example 
of such a system is shown in figure 74-13. 
Before integration is started, SW1 is in the 
balance position. At this time feedback is 
obtained through resistor R2 from the follow 
potentiometer to give an initial condition of 
theta equals zero. When it is desired to start 
integrating, the position of SW1 is changed to 
operate. This disconnects the potentiometer 
feedback and connects the input voltage 
through resistor R3. The demodulator chopper 
converts the ac error signal to a dc signal, and 
the network R4,C1 furnishes the required 
approximate integration. The cathode follower 
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V1 prevents loading this network. The modu- 
lator chopper converts the dc signal to an ac 
signal which, when amplified, is suitable to 
drive the motor. Those component values that 
depend on the gear ratio, scale factors, tachom- 
eter output, etc. are not given. Resistors Rl 
and R3 are precision resistors. For proper 
operation, the electrical and mechanical phase 


shift of the demodulator chopper must preduce be 
. . . . ° 1, Srnal 


while the modulator chopper must produce a 
voltage which is 90 degrees out of phase with 
the fixed-phase motor voltage. In some cases 
the addition of the tachometer will increase the 
system inertia to the extent that the time con- 
stant of the motor controller will be too great 
for satisfactory operation. In this case the 
filter network R4 and C1 must be replaced by 
a lead-lag network.® 


®H. Chestnut and R. W. Mayer, Servomechanisms 
and Regulating System Design, Vol. I, John Wiley & 
Sons, New York, Inc., N. Y., 1951, pp. 246-269, 334-336. 
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NBS PREFERRED CIRCUIT NO. 78 
PHASE SENSITIVE NULL DETECTOR 


+250V OC 


C5 e 
9200¢ 
= R7 (NOTE!) 


R8 
0 0. 
2eOK ose $470x T 
36 V AC RI4 
+] Cl = C6 [t+ REFERENCE 2.2K 
s3Ks [Sout opt S89, 1 
Components: 
Relay, K1: 


DC resistance: 5KQ. 
Impedance: 10KQ or less. 
Rated coil current: 2 to 4 ma. 
Transformer, Ti: UTC type O-7, or equivalent. 
Approximate power dissipation: R1, R2, R4, R5, R8, R9, R10, R11, R12, R13: negligible; 
R3: 0.015 watt; R7: 0.05 watt; R6, R14: 0.125 watt. 
Limits (these are not tolerances; see note 2 below): R10, R11, R12, R13: +5%; R6, R7: 
+10%; all other R: +20%. All C: +20%. 
Operating characteristics: See Performance, sec. 3, p. 78-4. 
Power requirements: 
250 volts dc +10% at 9 ma. 
6.3 volts ac +10% at 450 ma. 
Norss: 
1. C5 tunes T1 at the operating frequency. 
2. The performance specifications are based on component values which do not deviate from 
the nominal by more than the limits specified. Thus the term “limits” includes the initial tolerance 
plus drifts caused by environmental changes or aging. 
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1. APPLICATION 


PC 78 is designed to operate a dc relay when 
the sum of the input currents is equal to zero 
(i.e., V;/R1+V,/R2=0). It finds applications 
in servo control circuits. Although the data 
are given for operation at 500 cps, the circuit 
can be adjusted for any operating frequency 
within the range 300 to 1000 cps by selection 
of capacitors C5 and C7. 


2. DESIGN CONSIDERATIONS 


PC 78 consists of an ac amplifier, a phase 
sensitive detector, and a relay control tube. 
The input currents establish an ac error voltage 
at the grid of V1. This is amplified and applied 
to the phase detector where it is combined with 
the reference voltage, rectified by CR1 and 
CR2, and applied as a dc voltage to the grid 
of the relay control tube, V3. The circuit is 
adjusted so that the change in control voltage 
at the grid of V3 is sufficient to actuate the 
relay which serves as a plate load. 

The ac amplifier is straightforward in design 
and is similar to the one used in PC 76. The 
output transformer is tuned by C5 to peak the 
response at the operating frequency. The 
voltage amplification from the grid of V1 to 
the plate of V2 is approximately 3000. 

The amplitude and polarity of the voltage 
output of the phase detector are determined 
by the amplitude of the input voltage at V1 
grid and its phase with respect to the reference 
voltage, V,. With the circuit connected as 
shown in the preferred circuit diagram, the 
phase detector output is positive when the 
input voltage is in phase with V, and negative 
when it is out of phase. If a negative output 
voltage is desired when the input is in phase 
with V,, the connections to the primary or 
secondary of the transformer may be reversed, 
or the diodes may be reversed. 

If the input signal is in phase with V,, the 
signal and reference voltages add during the 
half cycle when CR2 conducts and are opposed 
when CR1 conducts; therefore, the positive 
voltage built up across R12 exceeds the nega- 
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tive voltage across Ril, and the phase detector 
output is positive. If the transformer second- 
ary voltage on either side of the center tap is 
less than the reference voltage, the output 
voltage is proportional to the input voltage. 
The output reaches a maximum when the 
portion of the signal across one-half the trans- 
former secondary, V;, is just equal to V,, in 
which case the net voltage across CR1 is zero 
while that across CR2 is twice the reference 
voltage. If the amplitude of V, exceeds that 
of V,, the net voltage delivered to the RC 
filter remains twice the reference voltage re- 
gardless of the magnitude of V,. This follows 
because the voltage across CR2 is V,+ V,, the 
voltage across CR1 is V,—V,, and the output 
is proportional to the difference between the 
two. If the input signal is out-of-phase with 
V,, the action of the circuit is the reverse of 
that just described, and the output voltage is 
negative. 

The output of the phase detector is applied 
to the grid of the relay control tube through a 
filter consisting of R10 and R13, and C7. C7 
must be adjusted to give the desired perform- 
ance. Increasing the capacitance increases the 
delay but improves the ac filtering and reduces 
the danger of switching at the wrong time when 
the inputs are noisy signals. 

Without C7, the de grid voltage is approxi- 
mately equal to 2¢V\/7 when V,< V, and approx- 
imately equal to 2eV,/r when Vi= V,. As the 
capacitance of C7 is increased, the grid voltage 
approaches the peak value of the sine wave, 
2eV, or 2aV,. 

In the above 

V.i=peak value of voltage across one-half of 

secondary winding of transformer. 

V,=peak value of reference voltage applied 

between ground and the center tap of 


transformer. 
a=al\—az 

—_-R124-R13 (CR1 conducting 
“ RIO+R12+R13 ora << R11) 
— R104 R11 (CR2 conducting, 
“@~R10+R114+R13 ra << R12) 


Ta= diode forward resistance. 
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In the absence of input and reference signals, 
the quiescent plate current of the relay control 
tube is established by the cathode bias. The 
ac component of the reference signal has an 
effect on the quiescent plate current if it is large 
enough to cut off the plate current during a 
portion of the cycle. This is a function of the 
ac load presented to the tube by the relay and 
also of the amplitude of the reference signal and 
the size of capacitance C7, as indicated in figure 
78-1. For a given ac load, the amplitude of 
the reference signal and capacitance C7 should 
be adjusted to obtain the desired performance. 
The quiescent plate current of the relay tube 
should be the current required to actuate the 
relay, and the plate current swing should be 
sufficient to assure positive operation. An up- 
per limit to the size of C7 is set by the per- 
missible time delay. 


3. PERFORMANCE 


Figure 78-1 shows the static performance 
curves of PC 78 which were obtained by apply- 
ing a 500 cps voltage at the grid of V1 and 
measuring the plate current of V3 for values of 
input grid voltage in-phase-with and in-phase- 
opposition-to the reference voltage. A 5000 
ohm resistor was substituted for relay K1 during 
these measurements. Two sets of curves are 
given with C7 and reference voltage as running 
parameters. Either or both of the parameters 
may be adjusted to give the desired perform- 
ance. Using the 36-volt reference and a 470 
uuf capacitance for C7, the switching time for 
a change in input signal from —0.02 volts to 
+0.02 volts is about 0.03 seconds using an 
Allied Control RSHX-83 relay. 

Tube changes and supply voltage variations 
have negligible effect on the functioning of the 
circuit. 


c7 =4700p pt 


Roc 50002 7 
Vy = 36v (rms) 
f. =soocrs 


OC plate current (ma) 


0.02 0.04 0.06 
Volts (rms) in phase with reference 


-0.06 
Volts (rms) in phase 
opposition to reference 


(a) Effect of filter capacitor C7 on performance. 


6 


= 36V 
Rac =50002 Vr =38 


C7 = 470pLh4F 
f =s500cps 


co) 


OC plate current (ma) 
> 


uw 


0.02 004 0.06 
Volts (rms) in phase with reference 


-0.04 
Volts (rms) in phase 
opposition to reference 


0.06 -0.02 ie) 


(b) Effect of reference voltage on performance. 


Figure 78—1.—Static performance of PC 78, 
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RESOLVER DRIVER 


NBS PREFERRED CIRCUIT NO. 79 
RESOLVER DRIVER 


TO 
R7 Ri2 
500K = =opAgr ore 
Unless otherwise sae MANDING 
stated: 
R in ohms; RO ° 
Cl inpepf, 220K Peas 
C<lin pf; (NOTE!) | TO RESOLVER Vo 
L in fth ea tLe. RIS INPUT WINDING 
re pi Na 120 
rc Rl Vil 5840 

500k 

INPUT . 320K 
= C3 
R2 JT 0.22 
20 R = 
500K 470 
R3 R6 Ic 
43K 53K 'T 0.47 
Cl = = 
1odo L set 
Components: 


R1, R2, R7: The relative stability must be such that the ratio R7/R1 and R7/R2 does not 
change more than 0.05%. 

R12=[1/300+ (1—a)] R7, where a is the resolver transformation ratio. 

R3,R4,R6,R12: +5% limits; R9,R10: +10% limits; all other R: +20% limits. 

C1,C2,C7: +5% limits; all other C: +20% limits. (Note 2) 


Operating characteristics: 


Vo ~(V; het V, fe) 


Maximum output (5% distortion): 50 volts rms. 
Stability: (Note 3) 


Lower Upper 
Amplification margin..____-...-_-_--------_----.---2---- 14 db 12 db 
Phasematein ooo sued oie ae ho oe See 50° 60° 


Power requirements: 
250 volts dc +10% at 8.7 ma. 
6.3 volts ac +10% at 450 ma. 


(For Notes, see next page) 
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Norss: 

1. The values of C7 and R13 are determined by the operating frequency and by the resolver 
used. Values shown are for the Mark 4 Mod 0 resolver operating at 500 cps. (See sec. 2.2.) 

2. The performance specifications are based on component values which do not deviate from 
the nominal by more than the limits specified. Thus the term ‘‘limits” includes the initial tolerance 
plus drifts caused by environmental changes or aging. 

3. Amplification and phase margin were measured with both inputs open and with the combina- 
tion of tube characteristics and supply voltages which resulted in the highest value of forward 


amplification. 
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PC 79 RESOLVER DRIVER 
1. APPLICATION 


PC 79 was designed to drive an ac resolver 
having compensating windings. It is an ac 
operational amplifier used as an_ isolation 
amplifier and employing feedback which in- 
cludes the compensating winding of the resolver. 
With the resolver, it is useful as a computing 
element in problems involving coordinate con- 
version, coordinate rotation, and resolution of 
vectors when accuracies of 0.5 percent are 
sufficient. The component values given (p. 
79-2) are for operation at 500 cps; operation at 
other frequencies requires change in six com- 
ponent values. (See section 2.2.) 


9. DESIGN CONSIDERATIONS 


Compensated resolvers are readily available 
with a functional accuracy of +0.1 percent. 
The use of a compensating winding for the 
feedback places the resolver excitation loss in 
the feedback loop. This results in a low 
over-all phase shift and a constant amplifica- 
tion, even when the resolver copper loss 
changes with temperature. In addition, by 
proper loading of the feedback winding, the 
effects of any load on the rotor can be com- 
pensated. 

If the resolver is to be operated at a fre- 
quency other than 500 cps, the values of Cl, 
C2, C7, R3, R6, and R13 must be changed. In 
addition, the values of C7 and R13 are a func- 
tion of the input impedance of the resolver. 
When long leads are employed between the 
amplifier and the resolver, and/or when the 
trimming resistor, R12, is included in the 
resolver, the resistors R1, R2, and R7 should 
be changed to 100KQ. In this case, R4 should 
also be 100KQ, R3 8.2KQ, and Cl 5000yzf. 
2.1 Feedback: An open loop amplification ! of 
300 is obtained by adjustment of the passive 

1The open loop amplification is defined as the 
amplification around the complete loop from any point 


in the circuit back to the same point; for instance, from 
amplifier input back to amplifier input again. 
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feedback network between the resolver com- 
pensating winding and the grid of V1. The 
only component of this network that is not 
determined by other considerations is the grid 
return of V1, since the values of the input and 
feedback resistances (R1, R2, R7, and R12) 
are determined by the application of the circuit. 
If the desired result were achieved by the selec- 
tion of the value of R4 alone, the amplitude 
response would fall to unity at a frequency 
of 7500 cps or above, with the risk that addi- 
tional stray capacitance might cause the circuit 
to oscillate at a frequency near this point. 

The lag network, R3,C1, shapes the response 
so that the desired amplitude and phase charac- 
teristics are obtained. The equivalent circuit 
for the lag network, together with its amplitude 
and phase characteristics, is shown in figure 
79-1. The desired response is obtained by 
choosing values for R3 and C1 that will cause 
only a small phase shift at the 500 cps operating 
frequency and at the upper crossover frequency 
of 7500 cps (the frequency at which the open 
loop amplification would be 1 if the amplifi- 
cation fell off at a constant rate of 12 db per 
octave). As a result of the lag network the 
amplification falls to 1 at about 7500 cps with 
a total phase shift of 120° using nominal tubes 
and supply voltages. (Fig. 79-3.) 

Trimmer resistor R12 is used to compensate 
for the finite amplification of the amplifier and 
for the transformation ratio of the resolver com- 
pensating winding when it is less than 1. By 
proper selection of the trimmer resistor, the 
output to the resolver can be made almost 
exactly equal to the sum of the input voltages 
(assuming that the input and feedback re- 
sistors are equal). 

If the transformation ratio of the resolver is 
1 and R12 is zero, the output of the amplifier 
(input to the resolver) is 


_ (mv (<7) 
Vers a iA’ 
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where A’ =300=22 A=open loop amplification 


defined in footnote 1. 

A=voltage amplification between V1 
grid and V2 plate 

R,=the parallel combination of Ri, R2, 
R7, and the input impedance of 
the amplifier. 


If R7 is now increased one three-hundredth by 
making R12=R7/300, R, will be changed very 


R7 
Ri2 SOOK 


R 
Oh. 70K 


(a) FEEDBACK CIRCUIT 


(b) EQUIVALENT CIRCUIT 


soo IK 2K 4K 75K 
FREQUENCY 


(c) AMPLITUDE AND PHASE CHARACTERISTICS 


Figure 79-1.—Effect of lag network, R3,C1, on 
phase and amplitude response. 


little and A’/(1+.A’) remains 300/301 + 299/300. 
The output of the amplifier is now 


—_ (V1, V2)301 2, 299 
Ve Rit Ro 300 *? 390 


R7 R7\ 300?—1 
=—(ViRit VRS) so 


The error has been reduced from 1/301 to 
about 1/300?. The compensation for the finite 
amplification of the amplifier has no effect on 
the stability of the amplification with changes 
in the open loop amplification, A’. In either 
case the open loop amplification would have to 
decrease 23% to cause a 0.1% decrease in the 
output voltage. 

For a resolver transformation ratio of 1, R12 
should be 1.6KQ when R7 is 500KQ, and 3300 
when R7 is 100K. When the transformation 
ratio is less than 1, R12 must also increase R7 
by the percentage that the transformation ratio 
is less than 1. For a transformation ratio of 
0.98, R12 must be increased by an additional 
2% of R7 to give R1I2=12KQ when R7= 
500KQ, and R12=2.4KQ when R7~100KQ. 
R12 need not be a precision resistor since its 
resistance is only a very small percent of the 
total feedback resistance. When a number of 
resolver drivers are to be used interchangeably 
with several resolvers, the usual procedure is to 
make the trimmer resistor a part of the resolver. 
The resolvers must be trimmed individually 
because even 8 0.01 difference in transformation 
ratio can change the required trimmer resistance 
by 100%. 


2.2 Amplifier: The amplifier circuit is bas- 
ically an ac operational amplifier with minor 
modifications to adapt it to the resolver load. 
Capacitor C7 and resistor R13 are used to 
obtain a unity power factor load with a Q of 
approximately 4 at the operating frequency. 
The given values of C7 and R13 (see preferred 
circuit, p. 79-2) are for the Mark 4 Mod 0 
resolver operating at a frequency of 500 cps. 
For other resolvers and/or for other operating 
frequencies, values must be calculated to ob- 
tain the Q of 4 and unity power factor at the 
operating frequency for the inductance and 
resistance of the resolver in use. Placing the 
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loading resistance in the capacitive branch of the 
circuit produces a phase response which reaches 
a maximum of less than 90° at a frequency 
about a decade above the operating frequency 
and then drops back to 0°. This lessens the 
possibility that additional stray capacitance at 
the higher frequencies will cause instability. 
The cathode bypassing of V1 is ineffective at 
frequencies lower than 100 cps. This reduces 
the stage amplification by a factor of 4 at low 
frequencies and minimizes the possibility of low 
frequency oscillations. The value of the bypass 
capacitor, C2, is selected so that the angular 
frequency (1/R6,C2) is 0.2 of the operating fre- 
quency. The over-all effect on the phase 
response of the stage is similar to that of a lead 
network (fig. 79-2). The phase lead is about 
20 degrees at the operating frequency, increases 
to a maximum of about 40 degrees between one 


° 


RELATIVE AMPLIFICATION 


2 


200 400 500 
FREQUENCY ——* 


20 100 


Figure 79-2.—Effect of cathode bypass capacitor, 
C2, on the phase and amplitude response of the 
first amplifier stage. 


and two octaves below the operating frequency, 
and then falls to less than 10 degrees at the 
lower crossover frequency. The 20 degree lead 
at the operating frequency is offset by the 20 
degree lag caused by the lag network, R3,C1. 


3. PERFORMANCE 


PC 79 was tested with the Norden-Ketay 
105D2K size 15 resolver, and with minor modi- 
fications can be used with the American Elec- 
tronics IR15W4-405 size 15 resolver. PC 79 
can also be used with the American Electronics 
IR11W4-108 size 11 resolver, if R13 is changed 
to 2400 and C7 is changed to 0.16zf. 
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Figure 79-3.—Open loop characteristics of PC 79. 


3.1 Frequency Response: The open loop ampli- 
fication was measured by breaking the circuit 
at the connection to the feedback winding, in- 
serting a signal in series with the feedback 
resistors, R7 and R12, and measuring the out- 
put across the resolver feedback winding. Both 
inputs were grounded during this measurement, 
representing the condition when voltage sources 
are connected to inputs V; and V2. This is also 
the condition for the lowest value of open loop 
amplification using nominal components and 
voltages. 

Figure 79-3 is a Bode diagram of the open 
loop amplification obtained under the above 
conditions; figure 79-4 shows the closed loop 
response. In the latter figure, the solid circles 
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show the measured values of the factor A’/ 
(1+ A’); the open circles are values calculated 
using the values of A’ obtained from figure 
79-3. At frequencies of about 0.75 and 1.4 
times the carrier frequency, the open loop 
amplification A’ is down by a factor of 2 and 
distortion appears in the output at high signal 
levels. These frequencies are well outside 
the normal operating range of the amplifier. 
Capacitor C4 is the principal contributor to the 
low frequency peak, while C6 and R13 account 
for the rise in the response at the higher fre- 
quencies. Decreasing the resistance of R13 in- 
creases the amplitude of the peak. Shielded 
leads between the amplifier and the resolver 
contribute little to the peaks. 

The gain and phase margins were measured 
with both inputs open, and with the combina- 
tion of tubes and supply voltages that resulted 
in the highest forward amplification. The 
errors, on the other hand, were determined for 
the lowest forward amplification by using tubes 
which had reached the minimum end-of-life 
transconductance permitted by MIL-E-1 and 
supply voltages which were 10% low. At the 
operating frequency, the forward amplification 
was reduced 37.5% by the low limit tubes and 
an additional 12.5% by the low supply voltages. 
The resulting change in the open loop amplifica- 
tion from both causes was calculated to be 
0.35% based on a 50% change in a nominal 
open loop amplification of 300. Since the re- 
solver accuracy is 0.1%, applications of PC 79 
are limited to those in which 0.5% accuracy is 
sufficient. 


3.2 Error and Null Voltages: The output of the 
resolver when compared with the input gives the 
performance indicated in figure 79-5. The 
comparison was made using the preferred 
circuit with voltage applied to input 1, with 
input 2 grounded, and with maximum coupling 
between stator and rotor. Under these condi- 
tions the input and output voltages are theoreti- 
cally equal. The deviation of the output from 
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Figure 79-4.—Closed loop characteristics of PC 79. 
A Mark 4 Mod 0 resolver was used to complete 
the feedback loop. 


the input is partly static error as a result of 
manufacturing tolerances and partly due to 
quadrature and harmonic components which 
are present even at null. The amplitude of 
these errors is a function of the resolver input 
voltage and may be the determining factor in 
selecting the operating voltage of the resolver. 
The solid lines in figure 79-5 are for the nominal 
operating frequency of 500 cps, and the dashed 
lines are for 475 cps. The curves given are for 
the 105D2K resolver; the results for other re- 
solvers will differ. 
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A. NULL VOLTAGE — CONSISTS OF 
QUADRATURE ANO HARMONICS 


B. ERROR IN FUNDAMENTAL 
IN ~ PHASE COMPONENTS 


PERCENT OF INPUT VOLTAGE 


15 25 30 
INPUT VOLTS 


Figure 79-5.—Performance of PC 79 used with a 
Mark 4 Mod 0 resolver operating at 500 cps. 
The dashed curves show the effect of a 5% de- 


crease in input frequency. 
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NBS PREFERRED CIRCUIT NO. 101 
0.8 to 20 MC COLPITTS CRYSTAL OSCILLATOR 


Unless otherwise stated: 
R in ohms; aON 
C>lin HEF; C<| in pLf; 


Lin mh 


Component data: 
Preferred crystal types: CR-18/U, CR-36/U. (See Note 1.) 


Frequency range R1 R38 Cl C2 C3 Cl’ | C2’ | C3’ Li 
me 
2 Q f f Distributed “C” pyuf h 
iS Bn ae oe (See Note 2) es 
0:85 24.555 esecee 560K 33K 10.7 15 100 6.3 2 12.5 7.0 
i oe Es Ueloe pega eee 47K 39K 12. 4 15 33 6. 3 2 12.5 0.8 
§-202 oes seeeece je. 33K 33K 8.4 24 24 6. 3 2 12.5 0. 3 


R2, R4: +10% limits; R1, R3: +20% limits. C1, C2, C3: 410% limits; C4,C5: +20% 
limits, or guaranteed minimum value. (See Note 3.) 
Power requirements: 
150 volts de at 4 ma (plate supply); 6.3 volts at 300 ma (heater supply). 


Operating characteristics: 
For output voltage and crystal dissipation as a function of crystal resistance, frequency, and 
oscillator tube transconductance, see figures 101-1 through 101-3. (See Notes 4 and 5.) 
CR-18/U CR-86/U 


Factors affecting absolute frequency accuracy: ppm ppm 
(a) Manufacturing tolerance (within temperature range) - _____-_- 50 20 
10 10 


(b) Frequency correlation (See Note 6)____-_._._______-__.-_-- 
(c) Frequency stability for 10% change in plate and heater volt- 


7 eee er a NRE EERE Oe PITA Tere tL hee CME EPO REE <3 <3 
(d) Frequency variation for a 10% change in a single capacitor _ - <8 <8 
<1 <1 


(e) Frequency variation for a 20% change in a single resistor ____ 


(For Notes, see next page) 
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Nores: 

1. CR~-36/U is a temperature-controlled unit. (See MIL—C-3098B.) 

2. The distributed capacitance values shown are typical of those obtained by use of conven- 
tional wiring in the test units. Lead dress, tube sockets versus direct lead soldering, ete., will 
cause these values to vary; therefore, they should be checked and the lumped capacitors C1, C2, 
and C3, shown in the circuit diagram, changed to keep the total capacitances the same as listed, 
i.e., the sum of C2+C2’ to remain constant. In most cases adjustment of C1 to keep C, (defined 
in section 2.1) equal to 32 put will be satisfactory. Note that C3 is paralleled by 15 puf of load 
capacitance. 

3. The performance specifications are based on component values which do not deviate from 
the nominal by more than the limits specified. Thus the term “limits” includes the initial tolerance 
plus drifts caused by environmental changes or aging. 

4. The crystal drive equals /*?2, where J is the rms current through the crystal, and R, is the 
crystal resistance as measured in the appropriate crystal impedance meter. (See MIL-C-3098B.) 
The current through the crystal can be equated to the current through the 32 uuf of capacitance 
which is in parallel with the crystal, since the crystal circuit is high Q. The current through the 
32 wuf is H/X, where £ is the rms voltage across the crystal, and X, is the capacitive reactance of 
32 uf at the operating frequency. The crystal drive therefore equals (#/X,)*R,. 

5. The output voltage is measured with a load of 10KQ paralleled by 15 yypf. 

6. Frequency correlation is defined as the difference between the circuit operating frequency 
(operating at 25° C with circuit values as shown in the diagram) and the antiresonant frequency 
of the crystal unit as measured in the appropriate crystal impedance meter. (See MIL-C-3098B.) 
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PC 101 0.8 to 20 MC COLPITTS CRYSTAL OSCILLATOR 


1. APPLICATION 


PC 101 provides the designer with a stable 
frequency source of minimal complexity. Op- 
eration at any frequency in the 0.8 to 20 mc 
range may be accomplished by substituting 
different crystals on a plug-in basis, with no 
retuning required. The twin-triode 6021 pro- 
vides a triode section for use as a mixer, buffer, 
and/or frequency multiplier. Use of a single 
or twin-triode miniature or subminiature equiv- 
alent requires changes in the lumped capaci- 
tances to compensate for changes in tube and 
distributed capacitances. The electron-coupled 
pentode circuit of PC 102 should be used to 
obtain higher output, immunity from the 
effects of load changes, greater harmonic con- 
tent, and better frequency correlation. How- 
ever, this will increase circuit complexity, and 
may increase the physical size of a unit due to 
the use of a single tube per envelope. 


2. DESIGN CONSIDERATIONS 


2.1 Symbols: 

(a) P,: Power dissipated in the crystal unit, 
or crystal drive level. 

(b) Cy: The total grid to ground capacitance, 
due to C1, C2, C3 and associated distributed 
and stray capacitance. 

(c) R,: The total crystal circuit resistance 
consisting of the sum of the crystal resistance 
as measured in the appropriate crystal imped- 
ance meter and the additional resistance con- 
nected in series with the crystal to simulate a 
higher resistance crystal. 


2.2 Crystal Circuit: The crystal equivalent 
circuit consists of a very large inductance (in 
the order of henries), in series with a very small 
capacitance (in the order of hundredths of a 
micromicrofarad) and a resistance ranging from 
& minimum of 5 ohms at the high-frequency end 
of the circuit range to a maximum of 1000 ohms 
at the low-frequency end. In addition, due to 
the crystal holder, etc., there is a small capaci- 
tance in the order of 5 wuf! in parallel with the 


1The maximum value of this capacitance is set by 
MIL specifications as 7 pyf. 
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erystal. In the Colpitts circuit, the crystal 
operates at a frequency higher than the series 
resonant frequency (which is determined by the 
constants of the series arm alone) and lower 
than the parallel resonant frequency ? (which is 
a function of the parallel capacitance and the 
inductance of the crystal together with the ex- 
ternal parallel capacitance). This total ex- 
ternal parallel capacitance is a fixed value for 
any given MIL crystal. The crystal, together 
with the associated parallel circuit capacitance, 
acts as an inductance whose effective reactance 
varies very rapidly with changes in frequency. 
The oscillator circuit adjusts its frequency so 
that the effective reactance of the crystal at the 
operating frequency is just enough for the loop 
gain to be 1 with a phase shift of 180° between 
input voltage (grid-cathode) and output voltage 
(plate-cathode). The crystal is tested for anti- 
resonance with 32 yuf of external parallel capaci- 
tance. This specification allows the user to 
design a circuit which will oscillate at a fre- 
quency close to the antiresonant frequency of 
the crystal. In general, this frequency cor- 
relation should be better than 10 parts per 
million. The antiresonant frequency of the 
crystal can differ from the frequency stamped 
on the crystal holder by a maximum number 
of parts per million as specified in MIL-C- 
3098B for the particular crystal involved. This 
maximum deviation includes the combined ef- 
fects of manufacturing tolerance and temper- 
ature coefficient within the temperature range 
for which the crystal is designed. 

The effective series resistance of the crystal 
is a measure of the ‘‘activity” of the crystal. 
It is a controlling factor in the determination 
of output-voltage amplitude and crystal dis- 
sipation. 


2.3 Oscillator Configuration: A Colpitts 
grounded plate circuit was chosen because it 


2 The parallel resonant frequency referred to is that 
frequency for which zero phase shift is measured when 
the crystal is inserted in the specified crystal impedance 
meter. (See MIL—C-3098B.) 
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allows frequency changing on a crystal plug-in 
basis, with greater stability and better fre- 
quency correlation than provided by the nearest 
alternative, the Miller oscillator. Use of the 
Colpitts circuit, however, results in sacrifice of 
output amplitude for the same magnitude of 
crystal dissipation obtained with the Miller 
oscillator. 

The Colpitts oscillator is difficult to start 
when used with high resistance crystals. Ad- 
justment of the capacitor voltage divider C2, C3 
to insure starting tends to reduce output voltage 
or increase crystal dissipation. These effects 
can be mitigated by providing an initial negative 
bias to the oscillator tube. This negative bias 
reduces grid loading during initial oscillator 
buildup and allows oscillator operation with 
a more favorable capacitor divider ratio. The 
capacitor C1 in many applications is composed 
mainly of lead and switch capacitances when 
switches are used for frequency changing. 

Phe voltage divider R2,R4 provides the 
initial bias to the oscillator tube. This circuit 
also increases frequency stability. The oscil- 
lator circuit without this fixed bias will experi- 
ence a larger change in frequency as a function 
of a given change in plate voltage than will this 
circuit with a fixed bias. The improvement in 
frequency stability is an added advantage 
obtained from the use of a fixed bias. The 
mechanism involved is the reduction in the plate 
resistance of the tube with an increase in supply 
voltage which is counteracted by the increase in 
plate resistance caused by the increase in bias 
across the bias network R2, R4. 

The choke L1 keeps the oscillator output 
from being loaded by the cathode resistor. It 
is chosen of sufficient size to resonate with C3 
at a frequency lower than half the lowest fre- 
quency of the particular band in use. This 
insures negligible inductive effect on the 
capacitor diyider C2, C3. 

The range of crystal resistances allowed by 
MIL-C-3098B appears to be much wider than 
necessary in view of present manufacturing 
techniques. Because of this wide range, design 
compromises must be made in order to insure 
operation of the circuit with the entire range of 
crystal resistance allowed by specifications and 


yet keep crystal dissipation within the recom- 
mended limits. 


2.4 Oscillator Tube: The 6021 twin-triode has 
a medium p» (35) and sufficient transconduct- 
ance (5400 wmhos) for use as the oscillator 
stage and as a buffer or frequency multiplier 
stage. It is a MIL preferred tube and is fre- 
quently used in associated circuits in the same 
type of equipment as would employ PC 101, 
thus allowing for a reduction of tube types in 
an equipment. 


3. PERFORMANCE 


3.1 Output Voltage Amplitude and Crystal 
Dissipation: Figures 101-1 through 101-3 are 
graphs of output voltage and crystal drive level 
versus crystal resistance for the three frequency 
bands of PC 101. All voltages shown are peak 
to peak as measured on an oscilloscope. Typi- 
cal waveforms for the frequency extremes of 
PC 101 are shown in figure 101-4. The 
essentially sinusoidal waveform of the higher 
frequency output is due to the lowered imped- 
ance of the RC load (10KQ in parallel with 
15 yf) at these frequencies. 

Because limit crystals were not available, 
the performance data were plotted using the 
lowest resistance crystals available and simu- 
lating higher resistance units by adding resist- 
ance in series with the crystal. The circuit 
used in making the measurements is shown in 
figure 101-5, where R, is the added resistance. 
The validity of this simulation technique was 
checked by making measurements on two 
crystals, one a low resistance and the other a 
high resistance crystal. Resistance was added 
to the low resistance crystal to bring its resist- 
ance up to that of the high resistance unit, and 
the operation of the two crystals was compared 
in the test circuit of figure 101-5. The output 
voltage and computed crystal dissipation 
checked within 5%. Further checks were 


3 There is no restriction on crystal drive in MIL-C- 
3098B. These specifications serve merely to delineate 
acceptance test procedures. Recommended operating 
limits for crystals in military equipment are listed in 
section II of WADC Technical Report 56-156, ASTIA 
Document No. AD 110448, ‘Handbook of Piezoelectric 
Crystals for Radio Equipment Designers,”’ Oct. 1956. 
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(a) Output voltage. 
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Figure 101-1.—Operating characteristics as a 
function of crystal resistance, frequency, and 
tube fransconductance for the low frequency 


band (0.8 to 5.0 mc). 


made by inserting a crystal with a resistor in 
series with it in the appropriate crystal imped- 
ance meter (see MIL-C-3098B). The readings 
erred on the pessimistic side, i.e. the readings 
were higher than would be expected to result 
from the addition of the crystal and external 
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(a) Output voltage. 
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Figure 101-2.—Operating characteristics as a 
function of crystal resistance, frequemy, and 
tube transconductance for the middle frequency 


band (3.0 to 11.0 me). 


resistance values. Here again the difference 
was less than 5%. 

In the tests discussed above, the results of 
which are shown in figures 101-1(b), 101-2(b) 
and 101-3(b), all dissipation curves go through 
a peak, except at the high end of the high-fre- 
quency band. The peak indicates that the use 
of lower resistance crystals than were obtain- 
able for these measurements will not result in 
greater than maximum recommended crystal 
dissipation (see footnote 3) at any frequency, 
with the possible exception of the high end of 
the high-frequency band. 
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Figure 101-3.—Operating characteristics as a 
qoetion of at faba resistance, frequency, and 
tube transconductance for the high frequency 


band (5.0 to 20 me). 
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Figure 101-4.—Output voltage waveforms across 
a 10K2 resistive load. 
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Ca + Cmeter = Cl (PC 101) 


Figure 101-5.—Test circuit used for measuring the 
performance of PC 101. The crystal resistance 
R., figures 101-1 through 101-4, is equal to the 
crystal resistance R. plus the added fixed 
resistor Kx. 


In figures 101—1(a), 101-2(a), and 101-3(a) 
the solid lines represent data taken using a 6021 
with a transconductance near the maximum 
permitted by MIL-E-1. Data were also taken 
at the high and low ends of each band using a 
low transconductance tube; these data, plotted 
as broken lines, indicate the deterioration of out- 
put voltage with decreased transconductance. 
Deterioration of output voltage with decreased 
transconductance for other frequencies within 
each band can be interpolated visually from 
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this data. The crystal dissipation shown in 
figures 101-1(b), 101-2(b), and 101-3(b) was 
plotted for the high transconductance tube 
only, since maximum crystal] dissipation would 
occur when the highest transconductance tube 
was used. 


3.2 Frequency Stability: The value of the 
crystal oscillator as a system component is 
dependent on its frequency stability. Two 
major causes of frequency variation are changes 
in circuit component values and temperature. 
In general, the least critical components are 
resistors. For a +20% variation in value of 
a single resistor, the frequency deviation is 
less than one part per million. For a +10% 
change in a single capacitor, however, the fre- 
quency may change by approximately 8 ppm. 
Throughout the mean temperature range of 
—55° C to +90° C, the mean frequency of a 
typical CR-18/U crystal unit changes by about 
15 ppm. This change, together with fre- 
quency variations caused by temperature 
changes of the component parts, can cause a 
total frequency deviation over the operating 
temperature range of as much as 35 ppm. 
For temperature-controlled crystal units, such 
as the CR-36/U, the total is less than 22 ppm. 
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NBS PREFERRED CIRCUIT NO. 102 
0.8 to 20 MC ELECTRON-COUPLED COLPITTS CRYSTAL OSCILLATOR 


Unless otherwise stated: TASOV 


R inohms; 
C >linpryyf; C< 1 inpef; 
Linmh 


Component data: 
Preferred crystal types: CR-18/U, CR-36/U. (See Note 1.) 


Frequency range Rl Cl’ | C2’ | C3’ 7 
i Distributed “C” upf i 
(See Note 2) 
0.8-5.--__--------- 330K 6. 3 2 12.5 7.0 
co ees eee 100K 6. 3 2 12.5 0. 8 
6-20 22.52 eceec we 47K 6.3 2 12.5 0. 3 


R3, R7: +10% limits; all other R: +20% limits. Ci,C2,C3: +10% limits; all other C: 
+20% limits, or guaranteed minimum value. (See Note 3.) 
Power requirements: 
150 volts dc at 4 ma (plate and screen supply); 6.3 volts at 150 ma (heater supply). 
Operating characteristics: 
For output voltage and crystal dissipation as a function of crystal resistance, frequency, and 
oscillator tube transconductance, see figures 102-1 through 102-3. (See Notes 4 and 5.) 
CR-18/U CR-36/U 


Factors affecting absolute frequency accuracy: ppm ppm 
(a) Manufacturing tolerance (within temperature range) ---.-...---.---- 50 20 
(b) Frequency correlation (see Note 6)____..._._-_-_-_--._------------ 10 10 
(c) Frequency stability for 10% change in plate and heater voltage.___.. <3 <3 
(d) Frequency variation for a 10% change in a single capacitor______.__- <8 <8 
(e) Frequency variation for a 20% change in a single resistor _____._----- =i | <1 


(For Notes, see next page) 
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Nortss: 

1. CR-36/U is a temperature-controlled unit. (See MIL—C-3098B.) 

2. The distributed capacitance values shown are typical of those obtained by use of conven- 
tional wiring in the test units. Variation of capacitance due to lead dress, the difference in tube 
socket capacitance versus direct tube leads soldering, etc., will cause these values to vary; there- 
fore, they should be checked and the lumped capacitors C1, C2, and C3, shown in the circuit 
diagram, changed to keep the total capacitances the same as listed, i.e., the sum of C2+C2’ to 
remain constant. In most cases adjustment of C1 to keep C, (defined in section 2.1) equal to 
32 puf will be satisfactory. 

3. The performance specifications are based on component values which do not deviate from 
the nominal by more than the limits specified. Thus the term ‘limits’ includes the initial tolerance 
plus drifts caused by environmental changes or aging. 

4, The crystal drive equals /*R, where J is the rms current through the crystal, and R, is the 
crystal resistance as measured in the appropriate crystal impedance meter. (See MIL—C-3098B.) 
The current through the crystal can be equated to the current through the 32 uuf of capacitance 
which is in parallel with the crystal, since the crystal circuit is high Q. The current through the 
32 upf is H/X, where E is the rms voltage across the crystal, and X, is the capacitive reactance of 
32 puf at the operating frequency. The crystal drive therefore equals (H/X,)?R,. 

5. The output voltage is measured with a load of 10KQ paralleled by 15 uyf. 

6. Frequency correlation is defined as the difference between the circuit operating frequency 
(operating at 25° C with circuit values as shown in the diagram) and the antiresonant frequency 
of the crystal unit as measured in the appropriate crystal impedance meter. (See MIL-C-3098B.) 
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PC 102 0.8 to 20 MC ELECTRON-COUPLED COLPITTS CRYSTAL OSCILLATOR 


1. APPLICATION 


PC 102 provides the designer with a stable 
frequency source that is relatively immune to 
changes in output loading. Selection of this 
circuit is generally based on its ability to pro- 
vide harmonics of the fundamental frequency 
to its load. This circuit also provides isolation 
of the oscillator section from the plate circuit 
output. Operation at any fundamental fre- 
quency in the 0.8 to 20 mc range is accomplished 
by substituting crystals on a plug-in basis. 
Tuned circuits are required for the selection of 
any particular harmonic. This oscillator is 
particularly useful in electronic equipment 
requiring operation on a number of separate 
channels. 


2. DESIGN CONSIDERATIONS 


2.1 Symbols: 

(a) P,: Power dissipated in the crystal unit, 
or crystal drive level. 

(6) Cu The total grid to ground capacitance, 
due to C1, C2, C3 and associated distributed 
and stray capacitance. 

(c) R,: The total crystal circuit resistance 
consisting of the sum of the crystal resistance 
as measured in the appropriate crystal imped- 
ance meter and the additional resistance con- 
nected in series with the crystal to simulate a 
higher resistance crystal. 


2.2 Crystal Circuit: All considerations given 
in PC 101 apply to this circuit, as the oscillator 
portion is that of PC 101. Only deviations and 
additional performance characteristics will 
therefore be discussed here. 


2.3 Oscillator Configuration: The Colpitts 
grounded plate circuit of PC 101 readily adapts 
itself to electron coupling, since the plate 
Operates at ac ground potential. When a 
pentode tube is used, the screen grid operated 
at ac ground potential] acts as the anode of the 
oscillator. The output voltage of PC 102, 
which is obtained from the pentode plate cir- 
cuit, is a complex waveform of repetition rate 
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equal to the fundamental frequency of the 
crystal unit, provided the plate is untuned. 
When a tuned circuit is added, the fundamental 
or harmonic of interest may be selected. 

Overlapping frequency ranges are provided 
to assist the circuit designer in the selection of 
a single oscillator to operate over a range of 
frequencies without a change of circuit con- 
figuration. 


2.4 Oscillator Tube: A 5636 subminiature 
pentode tube is used in PC 102. Equivalent 
Miniature tubes such as the 5725/6AS6W 
miniature pentode tube may be used. Because 
the separate, externally-connected suppressor 
lead allows separate dc biasing of the suppressor, 
the decoupling between the oscillator and the 
output portion of the circuit is improved.’ Use 
of an internally-connected suppressor would 
increase the reaction of output load changes on 
the oscillator frequency. A further considera- 
tion in the choice of the 5636 was the appli- 
cability of a pentode with a high transconduct- 
ance suppressor to other portions of an equip- 
ment using PC 102. This tends to reduce the 
number of tube types present in an equipment 
and therefore aids logistic simplification. For 
each application of PC 102, the capacitors C1, 
C2, and C3 should be changed where necessary 
to compensate for distributed capacitances 
differing from the ones shown in the table on 
page 102-2. In many cases a variable Cl 
provides sufficient coverage. 


3. PERFORMANCE 


Figures 102-1 through 102-3 are graphs of 
output voltage and crystal drive level versus 
crystal resistance for the three frequency bands 
of PC 102. All voltages shown are peak to 
peak as measured on an oscilloscope. 

Figure 102-4 shows typica] output voltage 
waveforms across a 10KQ load resistor at the 
frequency extremes covered by PC 102. Al- 


1See discussion in Notes to the Preferred Circuits 
Manual, section 16.3(d). 
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Figure 102-1.—Operating characteristics as a 
function of crystal resistance, frequency, and 
tube transconductance for the low frequency 


band (0.8 to 5.0 me). 


though the output current at the high end of 
the high-frequency band is actually non- 
sinusoidal, it appears to approach a sinusoid 
when viewed on an oscilloscope, because the 
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Figure 102-2.—Operating characteristics as a 
function of crystal resistance, frequency, and 
tube transconductance for the middle frequency 


band (3.0 to 11.0 me). 


higher harmonics are attenuated by the load 
capacitance. The test circuit used to make 
these measurements is shown in figure 102-9. 

Figure 102-5 contains reproductions of the 
voltage waveforms measured across a 100 ohm 
resistor (RB in fig. 102-10). This resistor was 
inserted bteween the plate and the 10KQ load 
resistor to reduce the effect of shunt capacitance 
and thereby provide a more precise representa- 
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(a) Output voltage. 
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Figure 102-3.—Operating characteristics as a 


function of crystal resistance, frequency, and 
tube transconductance for the high frequency 


band (5.0 to 20 mc). 


tion of the plate current waveform. The 
circuit arrangement used to make the measure- 
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+10V 
ov 
“t0V 
0.25 SEC/DIV 
(a) O.8MC, Rt = 21320 
FlOoV 
Ov 
~10V 
0.25 }/4 SEC/DIV 
(b) O.8 MC, Ry = 10002 
+0.5V 
Ov 
-0.5V 
0.03 MSEC /DIV 
(c) I9.5MC, Ree HIN 
+0.5V 
Ov 
-0.5V 


O.03MSEC/DIV 
(d) 1I9.5MC, Ry = 262 


Figure 102-4.—Output voltage waveforms across 
a 10KQ2 resistive load. 


ments of plate current waveform is shown in 
figure 102-10. 

The output voltage of each harmonic was 
measured by replacing the 10KQ plate load 
resistor with a 5KQ resonant impedance circuit 
tuned to that harmonic frequency. The har- 


PREFERRED Circuits MANUAL 


Navaer 16-1-519 


102-8 

+0.5V 
ON 
-0.5V 

2.5 MSEC /DIV 

(a) WAVEFORM WITH LOW RESISTANCE 
CRYSTAL (Rt = 112) 

+0.5V 
ov 
-0.5V 

0.5 MSEC /OIV 

(b) SAME AS (a), SWEEP SPEED INCREASED 
TO SHOW GREATER DETAIL 

+0.5V 
ov 
-0.5V 

2.5 PSEC /DIV 

(c) WAVEFORM WITH HIGH, RESISTANCE 

CRYSTAL (Rt = 34122) 
+05V 
Ov 
~0.5V 


0.58 KSEC/DIV 


(d) SAME AS (C). SWEEP SPEED INCREASED 
TO SHOW GREATER DETAIL 


Figure 102-5.—Example of plate current waveform 
for midband 3 mc fundamental frequency show- 
ing the increased angle of current flow caused by 
an increase in crystal resistance. 


monic voltage developed across each tuned 
circuit is plotted in figures 102-6 through 102-8 
as a function of harmonic order, n, where n=1 
is the crystal fundamental frequency. 


3.1 Output Voltage (Resistive Load): As in PC 
101, high limit crystals were simulated by 
connecting resistors in series with low-resistance 
crystals. The circuit used in making the 


@g(VOLTS PEAK TO PEAK) 


HARMONIC ORDER (N) 


Figure 102-6.—Output voltage across a tuned 
plate load having a resonant impedance of 
50002 for the low frequency band (0.8 to 
5.0 mc). 


performance measurements is shown in figure 
102-9, where R, is the added resistance. In 
the tests made using PC 101, output across a 
10K load resistor decreased as crystal resist- 
ance increased. However, with PC 102, output 
voltage across a 10KQ load resistor increases 
as crystal resistance increases. (See figs. 
102-1(a), 102-2(a), and 102-3(a).) In each 
circuit the peak to peak voltage was measured. 
In PC 101, the output voltage is developed 
between cathode and ground, and the grid 
drive is developed across the crystal between 
grid and ground. This is a cathode follower 
type of output, and the output voltage is an 


April 1, 1959 


PREFERRED Circuit 102 


102-9 


Navaer 16~—1-519 
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3 4 
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Figure 102-7,—Output voltage across a tuned 
plate load having a resonant impedance of 
nrg por the middle frequency band (3.0 to 

0 me). 


essentially fixed percentage of the crystal 
voltage for any one frequency. It is not an 
exact fixed percentage, because changes in 
output voltage waveform do occur as a function 
of grid drive. In PC 102, however, the output 
voltage is a function of plate current flowing 
through the plate load impedance. When a 
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Figure 102-8.—Output voltage across a tuned 
plate load having a resonant impedance o 
ay for the high frequency band (5.0 to 

mc). 


low resistance crystal is used, the crystal 
voltage and consequently the grid drive are 
larger (as in PC 101) than when a high resistance 
crystal is used. However, the larger grid 
drive causes a higher grid leak bias and results 
in a small angle of current flow. (See fig. 
102-5.) This smaller angle of current flow 
produces a current pulse in which the relative 
magnitude of the higher harmonics is larger 
than it is for the higher resistance crystal with 
the larger angle of current flow. Thus (see fig. 
102-5), the peak current is greater for the low 
resistance crystal than it is for the high resist- 
ance crystal, although the peak to peak voltage 
across a 10KQ load is lower (see figs. 102-1(a), 
102-2(a), and 102-3(a). This is caused by the 
attenuation of the higher order harmonics of the 
current pulse through the 25 yyf (load plus 
distributed) parallel capacitance across the 
10KQ load resistor. The difference in harmonic 
content of the high and low resistance crystals 
for a given frequency is evident from the 
curves of figures 102-6, 102-7, and 102-8. 
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Ca +Cmeter = Ci (PC 102) 


Figure 102-9.—Test circuit used for measuring 
the performance of 102. The crystal 
resistance R,, figures 102-1 through 102-8, is 
equal to the crystal resistance R. plus the added 
fixed resistor Rx. 


3.2 Harmonic Output (Tuned Load): Because 
of the widespread use of the Colpitts electron- 
coupled crystal oscillator as a source of harmonic 
voltages, measurements of output voltage 
generated across a tuned load were made for 
selected frequencies in all three bands of PC 
102. The tuned circuits used for these measure- 
ments were selected to have an impedance in 
the vicinity of 5000 ohms. No attempt was 
made to build tuned circuits of exact impedance 
for each harmonic. Instead, the actual 
impedance in the circuit was measured using 
the parallel resistor method. All output volt- 
ages were then normalized with respect to 5000 
ohms, on the assumption that the pentode 
oscillator was a current generatorcand that 
therefore the output voltage was directly 
proportional to the impedance of the output 
tuned circuit for any given grid drive condition. 
The results of these measurements are shown 
in figures 102-6, 102-7, and 102-8, where the 


2 Assuming that the tuned circuit at resonance is 
resistive, the impedance of the tuned circuit equals 
(e,/ege—1)R,, where ¢ is the output voltage with no 
resistor connected across the tuned circuit, and e, is 
the output voltage with a resistor R, connected across 
the tuned circuit. 


TEKTRONIX 545 
WITH BILE PROBE 


Ca + Cmeter = Cl (PC 102) 


Figure 102-10.—Circuit used to obtain plate 
current waveforms shown in figure 102-5. 


solid lines are graphs of a frequency with a 
low resistance crystal in the circuit, and the 
dotted lines show the results with a high 
resistance crystal in the circuit. The inversion 
of amplitude relations between the high and 
low frequency of each band as compared to 
the voltages measured across an output load resis- 
tor (see figures 102—1(a),102—2(a), and 102-3(a) 
is accounted for by the effect of the capacitance 
in parallel with the load resistor which bypasses 
more of the energy in the high frequency current 
pulses than in the low frequency current pulses. 


3.3 Crystal Dissipation: As shown in figures 
102-1(b), 102—2(b) and 102-3(b), the crystal 
dissipation does not exceed the recommended 
maximum’ for the temperature-controlled 
crystal CR~36/U. All measurements on high 
resistance crystals were made by adding re- 
sistance in series with a low resistance crystal 
to simulate a higher resistance crystal. 


35 mw to 9,999.999 ke; 2.5 mw from 10,000 ke to 
20,000 ke. For the CR-18/U, the maximum recom- 
mended drive level is 10 mw to 9,999.999 ke, and 5 mw 
from 10,000 ke to 20,000 ke. See WADC Technical 
Report 56-156, “Handbook of Piezoelectric Crystals 
for Radio Equipment Designers,” October 1956, p. 464 
(ASTIA Document No. AD 110448.) 


April 1, 1959 


PART 1 
PREFERRED CIRCUITS MANUAL 


B. TRANSISTOR CIRCUITS 


NBS PREFERRED CIRCUIT NO. 201 


SILICON TRANSISTOR VIDEO AMPLIFIER 


475971 O- 59-6 


NBS PREFERRED CIRCUIT NO. 201 
SILICON TRANSISTOR VIDEO AMPLIFIER 


+25V 
rok aK 
C2 C5 
5hf 1Ouf 
g i) ai “a Q2 Gn 
5 uf Ru 2N333 AS 2N333 
47K 33K 
. +103 RQ tLC4 RIO 1c7 
R4 =F sof 
4.7K ~]| SOHF aT: ee 1% 
R5 
100 
L'% 


Components: 
R5: Select for desired voltage amplification. 
C7: Between 4 and 30 uuf, to be selected after total output capacitance is determined. 
R5, R10: +1% limits; all other R: +10% limits. All C: +20% limits. (Note 1) 


Rb: 
Operating characteristics: hr cee 

Voltage amplification _._--_----_--_------ ree 20._-.------ 10 
Rise time ? (+150° C)____._-------------- 1.0 usec ____- 0.9 usec. __-- 0.7 psec 
Rise time ? (+25° C)_____-__--_-_-------- 0.5 psec____- 0.4 usec. _.-- 0.35 psec 
Droop for 500 usec pulse (—50° C) ____-_-- 3.0%_------ 1.5%-__----- 1.0% 
Maximum output amplitude *____________- 2vpeak____ 2vpeak__-_ 2-v peak 
Maximum input amplitude *__--___.___---- 45 mv peak__ 100 mv peak. 200 mv peak 
Input impedance _-____.__---------------- 22 KQ______- 27 KQ__.__-- 32 KQ 
Output impedance. ______-_-------------- 250 Q___-_-- 210 Q_____-- 180 Q 
Maximum amplification variation with tran- +5%_____-- +3%_____-- +2% 

sistor replacement.‘ 
Maximum amplification variatjo on_with tem- —10%.. +4, -7%... +2, —7% 

perature.‘ +/50°C an oc bopeTvely 


Minimum load resistance: 10 KQ. 

Temperature range: —50° C to +150° C. 
Notes: 

1. The performance specifications are based on component values which do not deviate from 
the nominal by more than the limits specified above. Thus the term “limits” includes the initial 
tolerance plus drifts caused by environmental changes or aging. 

2. Total output capacitance=30 uyf. 

3. Plus and minus from ac zero level. 

4. Load resistance=10 KQ. 
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PC 201 SILICON TRANSISTOR VIDEO AMPLIFIER 


1. APPLICATION 


PC 201 is a high-gain intermediate-level 
(+2.0 volts maximum output) transistor video 
amplifier for use in applications where stability 
of gain and a wide temperature range are im- 
portant. It is non-inverting, has an input im- 
pedance of 20KQ, and will operate into loads 
of 10KQ or larger. Impedance levels are 
such that it may be cascaded for additional 
voltage gain. 


2. DESIGN CONSIDERATIONS 


Silicon transistors are used to obtain a wide 
temperature range. Negative feedback of 20 
db extends the frequency range and stabilizes 
the voltage amplification against temperature 
changes and transistor replacement. Selection 
of R5 provides for a choice of voltage gain. 

Either raising the value of R5 or lowering the 
value of R10 will decrease the voltage amplifi- 
cation with only slight accompanying change 
in bandwidth. This situation results from the 
fact that changing either R5 or R10 in a direc- 
tion to decrease voltage amplification decreases 
the open loop voltage gain, A,, while increasing 
the feedback factor, B. Thus the change in 
magnitude of negative feedback, BA,, is 
slight, resulting in only a slight increase in 
bandwidth at the lower gain. Changing R5 
is preferred since it will not derate the maximum 
output voltage that may be obtained. 

The major limitation on circuit bandwidth 
and temperature range is imposed by the 
transistor itself. The input impedance, cur- 
rent amplification and, to a lesser extent, the 
output impedance of the transistor all have an 
effect on the voltage amplification. The limi- 
tation is imposed because the variation of these 
parameters with frequency or with tempera- 
ture is much more severe than the variation in 
component values. Since all three parameters 
are interdependent in determining voltage 
gain, there is no one parameter measurement 
which will gauge operation of the transistor at 
extreme temperatures or at high frequency. 
For this reason the alpha cutoff frequency, 
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Taco, though a good indication of high fre- 
quency performance, is not directly related to 
the rise time that may be achieved with any 
particular transistor. 

Resistors R4 and RQ, in conjunction with 
the biasing resistors, serve to minimize the 
change in quiescent operating point accom- 
panying temperature variation and transistor 
replacement. A ratio indicating the relative 
amount of stabilization may be computed for 
each stage with the value of unity indicating 
perfect operating point stabilization. The 
stabilization ratio for Q1 is 


hye 


i 
het+l+RaRT+R4a/R2 


where h,, is the common emitter forward cur- 
rent transfer ratio. A similar expression ap- 
plies to Q2 with R9, R6, and R7 substituted 
for R4, Ri, and R2. The stabilization ratios 
are 0.8 and 0.87 for Q1 and Q2 respectively. 

The value of R8 is low enough so that the 
total capacitance of the output terminals is 
driven without a significant increase in rise 
time and yet high enough to provide sufficient 
open-loop gain for the circuit. 

Capacitor C7 compensates for overshoot 
produced by the total capacitance at the output 
terminals and is to be selected after that capaci- 
tance is determined. Its value will be between 
4 and 30 upef for output capacitance values up 
to 100 upf. 

An important aspect of the circuit design is 
the ability to cascade feedback pairs for addi- 
tional voltage amplification. This is possible 
due to the high input impedance and low output 
impedance resulting from negative voltage feed- 
back. 


3, PERFORMANCE 


Voltage amplifications of 45, 20 or 10 are 
obtained for R5=100, 220 or 4709 respectively. 
For each, an output extending plus and minus 
2 volts from the average voltage of the wave- 
form may be obtained. 
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Figure 201-1—Variation of voltage amplification 
from design center value with transistor replace- 
ment 


% 


+ 
wo 


+150°C 


! 
PRe =l00K 


1 
Oo °o 


VARIATION OF VOLTAGE AMPLIFICATION 
FROM DESIGN CENTER VALUE 
ui 
cs) 


45 


10 . 20 
DESIGN CENTER VOLTAGE AMPLIFICATION 


Figure 201-2—Variation of voltage amplification 
from design center value with temperature 
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Figure 201-3—Maximum pulse rise time as a func- 
tion of temperature and design center voltage 
amplification 


For any 2N333 transistors within the speci- 
fied limits of beta (18 to 40), the maximum 
variation of voltage amplification with tran- 
sistor replacement is given in figure 201-1 for 
the three alternate values of voltage gain. 
Improved stabilization is obtained with higher 
values of load resistance. Replacement of 
transistor Q2 has considerably more effect on 
the voltage amplification than replacement of 
Ql. At 10K load and R5=1002, maximum 
amplification variation with replacement of 
Q1 is only +0.5%. 

The maximum variation of voltage amplifi- 
cation with temperature is given in figure 201-2 
for the three alternate values of voltage ampli- 
fication. Here again, improved stabilization 
is obtained with higher values of load resistance. 
Voltage amplification variation with tempera- 
ture is primarily due to transistor parameter 
variations. Relatively few 2N333 transistors 
have the poor temperature characteristics 
shown in figure 201-2. For the highest gain 
circuit, percentage variations of +2 and —6% 
would cover the great majority of cases with 
proportionately smaller changes for the lower 
gain circuits. 

Though the circuit will operate into loads 
less than 10KQ, the voltage amplification sta- 
bilization is poor due to reduced open-loop 
gain. As the load resistance is increased above 
10KQ, the open-loop gain becomes larger and 
the stabilization of voltage amplification is 
improved. Values of load equal to 100KQ or 
larger appear as no load, beyond which the 
open-loop gain cannot be increased. 

For R5=1002 (voltage amplification of 45) 
the maximum droop, occurring at low temper- 
ature, is 3% for a 500 usec pulse. At reduced 
gain the droop decreases to 1.5% for R5=2200 
and 1.0% for R5=4709. 

The rise time of PC 201 will vary depending 
on the transistor in the output stage and the 
ambient temperature. Rise times given on 
the circuit sheet and in figure 201-3 are the 
worst that may be expected. 

Output waveforms at 25° C, 150° C, and 
—50° C for two sample pairs of transistors 
are shown in figures 201-4 and 201-5. The 
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input is a 250 ke square wave having a rise 
time of .02 usec. The waveforms of figure 
201-4 have been compensated by C7 for over- 
shoot, while those of figure 201—5 are the same 
waveforms not compensated. The two sam- 
ple pairs chosen are not intended to represent 


2.0pLsec 


(a) 


INPUT 250 KC SQUARE WAVE 


-50°C 


\ ‘ 
(d) 


Figure 201-4—Waveforms of PC 2017 for two 
sample pairs of transistors. R5=1009. Out- 
put=4 volts. Total output capacitance=30 uf. 
Compensation for overshoot by C7 
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the best or worst waveforms that may be 
obtained. 

Supply voltage variations of +10% will 
affect the voltage amplification by +1%. 
Maximum current drain from the supply is 3.5 
ma. 


2.0 jusec 


(a) 


INPUT 250KC SQUARE WAVE 


(d) 


Figure 201-5—Waveforms of PC 207 for two 
sample pairs of transistors. R5=1000. Out- 
put=4 volts. Total output capacitance= 30 upf. 
No compensation for overshoot 
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NBS PREFERRED CIRCUIT NO. 202 
TRANSISTORIZED 7 KV CRT POWER SUPPLY 


Unless otherwise stated: 
R in ohms; 

Clin pf; C<! in pLf; 
L inpt 


AN 174 


Components: ‘ 

CR1 and CR2: Six 1N588 silicon diodes connected in series. 

T1: See figure 202-1. 

All R: 410% limits. (Note 2) 

All C: +20% limits. 
Operating characteristics: 

Input voltage, E,: 25 volts de +1%. 

Output voltage, H,: 7 kv de. 

Ripple (peak to peak): 12 volts at 100 ua. (See figure 202-4). 

15 volts at 200 ya. 

Operating frequency: ~450 eps. 

Operating temperature: —55° C to +71° C. 
Power requirements: 

Maximum input power: 220 ma at 25 volts for E,=7 kv, J,=200 ua. 
Norss: 

1. Lead from inner end of secondary should be connected to the junction of C1 and C2 to 
keep the maximum voltage stress between the feedback and secondary windings to E,/2. 

2. The performance specifications are based on component values which do not deviate from 
the nominal by more than the limits specified above. Thus the term “limits” includes the initial 
tolerance plus drifts caused by environmental changes or aging. 
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PC 202 TRANSISTORIZED 7 KV CRT POWER SUPPLY 


1. APPLICATION 


Preferred circuit 202 has been designed to 
-provide the high voltage source for the screen 
grid and final anode of 5- to 12-inch magnetic 
deflection cathode-ray tubes in equipment 
where full or partial transistorization exists. 
It will operate in the ambient temperature 
range of —55 to 71° C. 


2. DESIGN CONSIDERATIONS 


2.1 Cirewt Choice: A transistor full-wave dc 
to de converter with the load connected between 
voltage source and emitter was chosen because 
the collectors can be physically attached to a 
grounded or chassis-connected heat sink. Fur- 
ther, this circuit can be used with the trans- 
former-rectifier-filter package escribed in PC 6. 


2.2 Transistor Choice: Type 2N387 transistors 
were used because they were the units in 
MIL-STD-701 (Navy) which most nearly met 
the voltage, power, and saturation resistance 
requirements of the circuit. 


2.3 High-Voltage Transformer: The core of the 
high-voltage transformer (fig. 202-1) is made 
of nickel-iron U laminations. This material 
has a square-loop hysteresis curve and a high 
permeability which permits a minimum of 
primary turns for a given input voltage and 
flux density. For winding ease, the U lamina- 
tion has advantages over the wound toroidal 
construction. Also, the toroidal construction 
is difficult because of the insulation require- 
ments of the high-voltage winding. This 
insulation is more readily applied if layer-wind- 
ing techniques are employed. 

The transformer is so designed that it may 
be used either for tube or transistor operated 
supplies. The tube unit operates from a 300- 
volt supply, whereas the transistor unit will 
operate from a 25-volt supply. A voltage of 
25 volts was chosen as the one most likely to 
become a standard regulated voltage for tran- 
sistor use. The next higher voltage likely to 
become standard is 50 volts, and this is too 
high to provide any safety margin, even for 
transistors with a 100-volt peak inverse rating. 

No attempt has been made to optimize the 
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size and weight of the transformer shown in 
figure 202-1. The choice of number of turns 
and physical core size was a compromise 
between ease of construction, size, and weight, 
as opposed to power efficiency. If advanced 
construction techniques make possible a better 
transformer design, the improved transformer 
may be substituted without any circuit changes 
being required in PC 202. 

The primary is wound in two sections. The 
inner section contains the major portion of the 
primary and is layer wound. The second section 
contains the portion of the primary designed for 
use with transistors and is bifilar wound to re- 
duce overshoots caused by leakage inductance. 
The energy stored in the leakage inductance 
tends to dissipate via the off transistor, unless 
this energy can be closely coupled to a dissi- 
pative path through the transistor that is con- 
ducting. Bifilar winding provides this close 
coupling. The problem of leakage induced re- 
verse emf is not as great in the case of tube 
oscillators, and the mitigating effect of the 
bifilar coupling is not as complete since the 
greater portion of the primary is not bifilar 
wound. The technique of using bifilar windings 
in one section of the primary does decrease 
overshoots, however, and creates but a nominal 


insulation problem. Complete bifilar winding 


LU& L6 BIFILAR WOUND 
2WINDINGS 38T “34 WIRE 
EACH WINDING TAPPED AT 7T 


L7 7900T “40 WIRE 
L364 BIFILAR WOUND 
2WINOINGS L5 540T “4owiRE 

40T “40 wiRE 


a 
CORE DATA 
DELTAMAX, GRAIN-ORIENTED 50% NICKEL-IRON ALLOY OR EQUIVALENT 


6MIL LAMINATIONS, RECTANGULAR HYSTERESIS LOOP CHARACTERISTICS 


Figure 202-1.—Construction details of high voltage 
transformer 
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would create a greater insulation problem be- 
cause of the larger difference in potential be- 
tween the end turns. In the bifilar portion of 
the primary, larger wire is used for carrying the 
greater current in the lower voltage transistor 
case. 


2.4 Test point: To allow measurement of the 
output voltage without special equipment, such 
as high-voltage probes, a tap is provided on the 
high-voltage bleeder for connecting a micro- 
ammeter between the test point and ground. 
The resistance of the migroammeter will be very 
small with respect to the 100,000-ohm portion 
of the bleeder resistor; therefore, such connec- 
tion is physically equivalent to inserting the 
microammeter in series with the 154 megohm 
bleeder. Since the 154 megohm bleeder will 
not be made up of precision resistors, the case 
containing transformer, rectifier, filter, and 
bleeder must have the current in microamperes 
corresponding to 7 kv printed onit. This cali- 
bration would take place in final test, and there- 
fore the inscription on the case does not unduly 
complicate unit production. 


2.5 Screen Grid Voltage: A second tap on the 
high voltage bleeder provides 400 volts for the 
screen grid of the cathode-ray tubes. 


2.6 Theory of Operation: If a perfect voltage 
source were connected in series with a perfect 
inductor and a switch, then with the switch 
closed the voltage across the inductor would re- 
main constant with time and would be equal to 
the potential of the voltage source. The cur- 
rent through the inductor would rise linearly 
with time at such a rate that the change of flux 
linkages as a function of time would be equal to 
the source voltage. 

In a physical circuit, the voltage source has 
resistance; the switch can be approximated by 
a transistor which is biased on, and which has a 
nonlinear resistance. Further, the inductor, if 
air core, has resistance; if iron core, it has re- 
sistance plus nonlinear inductance. Under these 
conditions, the voltage across the inductor will 
no longer be constant, and the rate of change of 
current with time will be nonlinear. This non- 
linearity can be accentuated by using a square- 
loop core which saturates sharply, and by induc- 
tively coupling the main source of transistor 


forward bias from this inductor. The inductor 
has now become a transformer. The addition of 
a second transistor and a duplicate pair of wind- 
ings makes a full-wave device. By adding a 
fifth winding, means are provided for isolating 
a load from the input in addition to effecting an 
impedance transformation. 

In a circuit such as the one described (see fig. 
202-2), when the voltage source is initially 
switched on, one of the two transistors will 
conduct more heavily than the other. This 
unbalanced current flow is caused by dissimi- 
larities in the two halves of the circuit. The 
base windings L2 and L4 are so connected that, 
once having started, the unbalance will regenera- 
tively increase until one transistor is biased on 
and the other biased off. Under these condi- 
tions, the approximate equivalent circuit of 
figure 202-3 may be used, since L3, L4, and 
Q2 are effectively out of the circuit. Here a 
parallel resistor, R,, is connected across a 
perfect inductor, Z. In series with this com- 
bination are a voltage source, V, and a resistor, 


Figure 202-2.—Simplified circuit diagram of PC 
202 


Figure 202-3.—Circuit equivalent to PC 202 when 


one transistor is on and the other off 
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R,. RB, represents the sum of the transformer 
losses and load power, while R, represents the 
sum of the source and switch (transistor) losses. 
If an imperfect inductor, an imperfect voltage 
source, and an imperfect switch are used, closing 
the switch will cause an initial rise in current. 
This will be followed by an approximately 
linear current rise, varying at a rate that keeps 
L(di/dt) equal to V minus JR,. Since JR, 
increases with J, the magnitude of di/dt will 
decrease with time if Z remains constant. When 
the integral of the instantaneous induced emf, 
e, times the differential time, dt,* reaches the 
saturation flux density of the core, the induct- 
ance of the coil drops sharply. This allows a 
rapid current rise in the coil. The core satura- 
tion also reduces the base emitter drive of the 
transistor, since it is mainly derived from an 
inductively coupled coil (such as L2, figure 202— 
2). The coefficient of coupling of L1 and L2 is 
drastically reduced by the saturation of the 
transformer core. The circuit will no longer be 
capable of maintaining an increasing di/dt, 
because the transistor will be called on to pass a 
rapidly increasing current when its base drive 
has decreased sharply; therefore di/dt will begin 
to decrease. The resultant emf will be in such a 
direction as to back bias the base of the transis- 
tor which was on, and forward bias the base of 
the transistor which was off. The reversal of 
direction of d¢/dt due to the decreasing di/dt 
will proceed regeneratively and switch the 
transistor which was initially biased on, to a 
biased off state. It will simultaneously switch 
the transistor which was biased off to a biased 
on state. The process will now repeat itself. 


2.7 Operation With One Transistor Inopera- 
tive: Under some conditions of failure of one 
transistor, PC 202 will continue to operate, 
but with reduced output voltage. These fail- 
ure conditions are those which cause an open 
circuit in one of the junctions. A short circuit 
between junctions will overload the circuit and 
stop oscillations. Failure of one transistor 
during a mission will cause increased indicator 


* Sf edt is the best measure of the total flux linkages 
in the core at any instant, since the nonlinearity of the 
core does not enter the equation as it does when ampere 
turns are used. 
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tube deflection, but the change will be small 
and may not be noticed by the operator. 
Further, because the transistors are not de- 
signed for quick interchange, replacement dur- 
ing a mission is unlikely. However, because 
the transistors operate far below maximum 
dissipation ratings, operation with a single 
transistor should suffice until the next mainte- 
nance check. 


2.8 Regulation: In general, the regulation of 
the supply (fig. 202-4) will be sufficient for 
most uses with no additional circuitry required. 
For reduction of output ripple and output 
impedance, additional capacitance may be 
added across the cathode-ray tube input. The 
output voltage stability can be improved by 
the use of a regulator in the collector circuit 
of the transistors, but such a regulator becomes 
rather complex if stability better than that 
provided by PC 202 is desired. 


3. MEASURED PERFORMANCE 


High-voltage power supplies of the de to de 

converter type such as PC 202 have a bleeder 
resistor connected across the output as an 
integral part of the circuit. This resistor is 
usually encapsulated, along with the output 
filter capacitors and associated parts. With 
this in mind all load currents measured below 
are exclusive of the bleeder current. 
3.1 Output Characteristics as a Function of 
Load Current: Electromagnetic cathode-ray 
tube final-anode currents, in general, average 
less than 100 wa. The curves for PC 202 
(figs. 202-4, 202-5) are plotted considerably 
beyond this point to demonstrate operating 
characteristics at extended current ranges. 

The relationship between output voltage 
and current is shown in figure 202-4. The 
change in output voltage for a change in load 
current of 100 ya is less than 2%. 

When one transistor is disconnected, the 
frequency of the oscillation increases by a 
factor of approximately three, and the variation 
of output voltage as a function of load current 
is increased. Under these conditions, the aver- 
age variation is approximately 9% for a varia- 
tion of load current of 100 wa. The output 
voltage plotted in figure 202-5 was measured 


202-6 


PREFERRED Circurrs Manuva 


Navaer 16-1-519 


j 0 
Peak ripple YO" 
Peak to re 


_ 
_ 
nnn 


20 


Output voltage (Eo) 


100 


stage (© ripple” -_—— 


Cripple (volts peak to peck) 


120 


Iu ( a) 
Figure 202-4.—Normal output of PC 202 
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Figure 202-5.—Output of PC 202 when one transistor is open 


by setting the output voltage with both transis- 
tors operating to 7 kv for no-load conditions 
and then disconnecting one transistor. Under 
the no-load condition, there was a change in 
output of less than 50 volts in 7 kv. 


3.2 Effect of Variations of Transistor Param- 
eters: The parameters of most interest for the 
operation of PC 202 are the on-resistance of 


the transistor and the input impedance, hyz, in 
the grounded emitter configuration. The 2N387 
has a rated input impedance of 60 oh ut 
this is in series with a 180-ohm resistor; there- 
fore, variations in value of two to one in Arg 
have negligible effect on the operation of the 
transistor. The voltage across the collector 
emitter terminals, with an input voltage of 3 
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10 v/div. 


-———SWEEP 
0.3 milliseconds/div. 


(a) Emitter-collector voltage vs. time for load current 
of 35 na 


2 v/div. 


<_ SWEEP 
0.3 milliseconds/div. 


(b) Emitter-collector voltage vs. time for load current 
of 35 wa (Y axis expanded to show overshoot) 


1 v/div. 


<-—-—SWEEP 
0.3 milliseconds/div. 


(c) Base-emitter voltage vs. time for load current of 
35 wa 


Figure 202~6.—Waveforms for PC 202, normal 


operation 


volts to the transistor, varies from 60 to 90 
mv for a collector current of 200 ma. This is 
the typical operating condition of the transistor 
when in the on condition, and this voltage drop 
is small (less than % volt) compared to the 
drops in the other portions of the collector 
emitter loop. Under these conditions, varia- 
tions of two to one in this drop will effect the 
output voltage by less than 50 volts in 7 kv. 


3.3 Pertinent waveforms: Oscillographic dis- 
plays of emitter to collector voltage versus time 
are shown in figure 202-6. The time scale 
runs from right to left. Figure 202-6(a) shows 
the normal emitter collector waveform, while 
in (b) the voltage scale is expanded to illustrate 
the overshoot. It can be seen that the over- 
shoot is less than 2 volts in magnitude. This 
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20 v/div. 


<-——_ SWEEP 
0.3 milliseconds/div. 
(a) Voltage vs. time across points E and C, figure 202-8 


20 v/div. 


<-——SWEEP 
0.3 milliseconds/div. 


(b) Voltage vs. time across points E’ and C’, figure 
202-8 


2 v/div. 


<_ SWEEP 
0.3 milliseconds/div. 


(c) Voltage vs. time across points E and B, figure 202-8 


2 v/div. 


<-—— SWEEP 
0.3 milliseconds/div. 
(d) Voltage vs. time across points E’ and B’, figure 
202-8 


Figure 202-7.—Waveforms for PC 202 with one 


transistor removed from the circuit 


small overshoot, which is achieved by the bifilar 
winding of both primary and feedback coils, 
provides an adequate safety factor since the 
transistor used has a peak rating of 80 volts with 
the base biased off. The base emitter wave- 
form is shown in (c). 

The waveforms shown in figure 202-7 were 
observed using PC 202 after removal of oné 
transistor. These waveforms show operating 
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Unless otherwise stated: 
R in ohms; 

Clin peF; C<I in pf; 
Lin ph 


Figure 202-8.—PC 202 with one transistor 


removed 


conditions with one transistor disabled. The 
circuit under these conditions is shown in figure 
202-8. The emitter, base, and collector of the 
operating transistor are labeled E, B, and C, 
respectively, while the terminals to which the 
removed transistor had been connected are 
labeled with primes. In figure 202-7 (c), the 
base voltage clipping due to the flow of base 
current is obvious when compared to the open 
circuit measurements of (d). The top wave- 


form, (a), which shows the variation of voltage 
across the emitter-collector of the transistor 
remaining in the circuit of figure 202-8, can 
best be understood by starting at point A on 
the curve. At this point, the voltage from 
emitter to collector is approximately equal to 
the supply voltage. Because the base is for- 
ward biased by the voltage divider R1,R3, 
current begins to flow in the collector-emitter 
circuit and the transistor turns rapidly on as it 
did when there were two transistors in the cir- 
cuit. However, with only one transistor oper- 
ating, the core is not starting from negative 
saturation, but from a point near zero flux 
density, and the flat portion of the curve is 
much shorter than for normal operation with 
two transistors. When the core saturates and 
the rate of change of flux reverses, the base 
emitter voltage reverses and biases the single 
operating transistor from “on” to “off”. The 
energy stored in the transformer now dissi- 
pates via the coupled secondary load and allows 
the back emf across the transistor to drop to- 
ward the supply potential, as shown by the 
diagonal portion of the waveform. At this 
point there is insufficient reverse bias to over- 
come the forward bias supplied by the voltage 
divider R1,R3, and the cycle repeats. 
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NBS PREFERRED CIRCUIT NO. 210 
NOR GATE, GENERAL PURPOSE, 2 AND 4 INPUT 


Cl ~18V 
180 (NOTE 1) 


R6 


INPUT 2 OUTPUT 


INPUT 3 
| 
| 
INPUT 4 R4 -J_—_Unless otherwise stated: 
5.62K R in ohms; | 
C>lin pLpLf; C<lin pf, 
Lin #th 
Components: 
2 Input Gate 4 Input Gate 
R5: 26.1KQ 21.5KQ 
R6: 2.15KQ 2.61K0 


Maximum power dissipation: R1, R2, R3, R4, R5: 8 mw; R6: 200 mw. 
Limits (these are not tolerances; see note 2): ALR: +5%. ANC: + 10%. 


Operating characteristics: 
Temperature range: ~-30° C to +60° C. 
Input impedance: One “G” load. (See section 2.3.) 
Input signal characteristics: 
Level (Note 3): 
Logical “1”: 6.2 volts +10% at 1.2 ma maximum. 
Logical “0”: —0.15 volts. 
Pulse (Note 4): 
Polarity: Positive or negative. 
Amplitude: 6 volts +10%. 
Width at 50% amplitude: 0.8 usec minimum; 5 usec maximum. 
Rise time (Note 5): <0.2 usec. 


(Specifications continued on next page) 
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Operating characteristics: (Continued) 
Switching characteristics (note 6): 


Input signal 


Output signal 


Level change from 0 v to —6 v 
with rise time of 1.4 psec. 


Level change from —6 to 0 v. 
Turn-on time (Note 7): 1.6 usec max. 
Delay time: 0.9 psec. max. 
Rise time: 0.7 usec max. 


Level change from —6 v to 0 v 
with rise time of 0.5 usec. 


Level change from 0 v to —6 v. 
Turn-off time (Note 8): 1.3 usec max. 
Storage time: 0.4 usec max. 
Rise time: 0.9 usec max. 


Negative-going pulse with rise 
time of 0.2 psec. 


Positive-going pulse. 

Turn-on time: 0.35 ysee max. 
Delay time: 0.15 usec max. 
Rise time: 0.2 wsec max. 


Positive-going pulse with rise 
time of 0.2 psec. 


Negative-going pulse. 

Turn-off time: 0.35 ysee max. 
Storage time: 0.15 wsec max. 
Rise time: 0.2 usec max. 


Maximum load: (See section 2.3.) 


Type of output 


Circuit _ 
Direct current Level Positive pulse Negative pulse 
2 input gate.__.| 4 ma at -—6.2 v | Maximum of 4 loads, no | 4 loads F or G____| One G load only. 
+10%. more than 2 of which are F 
loads. 
4 input gate__..| 3.5 ma at —6.2 v | Maximum of 3 loads, no | 3 loads F or G___-| One G load only. 
+10%. more than 2 of which are F 
loads. 
Power requirements: 
Current 
Voltages 


2 Input gate 4 Input gate 


SAS WO Gs cs Se ee ee Sk Pee eee ees 9.5 ma 8 ma 
SOV EO a ek oe a he a ee one dt alee So ot tome 9.5 ma 8 ma 
Ov ENO Us oe eo ia hy Oe a Sn Oe ie ee OE ee 0.27 ma 0.33 ma 


(For notes, see next page) 
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Norss: 

1, The —18 volt supply is obtained by connecting a —12 volt source in series with the —6 
volt.supply. (See section 2.4.) 

2. The performance specifications are based on component values which do not deviate from 
the nominal by more than the limits specified. Thus the term “limits” includes the initial tolerance 
plus the drifts caused by environmental changes or aging. 

3. The minimum duration of a level is 5 usec. 

4. Positive pulses are referenced to —6.2 volts +10%. Negative pulses are referenced to 
ground (actually about —0.15 volt). 

5. Rise time is used in the usual pulse sense to mean the time required for the leading edge 
of the waveform to change from 10% to 90% of its maximum amplitude. 

6. Maximum switching times were obtained by operating the circuit with the worst combination 
of limit transistors, components, supply voltages, and temperature. The load in each case was 
maximum for that type of operation. 

7. The turn-on time is the time required for the collector voltage to complete the first 90% of 
its total amplitude change when the transistor is turned on. It is measured from the instant that 
the signal applied to the transistor to turn it on completes 10% of its amplitude change, and in- 
cludes the delay time (the time required for the first 10% change in collector voltage) and the 
rise time (the time required for the voltage change from 10% to 90%). 

8. The turn-off time is the time required for the collector voltage to complete the first 90% 
of its total amplitude change when the transistor is turned off. It is measured from the instant 
that the signal applied to the transistor to turn it off completes 10% of its amplitude change, and 
includes the storage time (the time required for the first 10% change in collector voltage) and the 
rise time (the time required for the voltage change from 10% to 90%). 
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PC 210 NOR GATE, GENERAL PURPOSE, 2 AND 4 INPUT 


1. APPLICATION 


PC 210 performs the general purpose AND, 
OR, and inversion functions in a compatible set 
of digital logic circuits! for use in computer, 
control, and communication equipment oper- 
ating within the temperature limits of —30 and 
+60° C. It can be used as (1) an AND gate 
for positive levels, or positive-going pulses; (2) 
an OR gate for negative levels, or negative- 
going pulses; and (3) an inverter for positive or 
negative-going pulses or levels. It cannot be 
used as an AND gate for pulses when a spurious 
output pulse can cause errors; under these con- 
ditions, PC 211, the pulse gate, must be used. 
(See sec. 2.2.) 


2. DESIGN CONSIDERATIONS 


From the logistic and maintenance stand- 
points, it is impractical to design a different 
NOR gate ? for every possible number of inputs. 
The usual solution is to select a multiple input 
gate as the standard building block. If more 
inputs are required, they can be formed by 
combination of the standard building blocks. 
If fewer inputs are required, the unused termi- 
nals are grounded. PC 210 is designed for 
two- and four-input circuits since this system 
offers maximum flexibility for gate operation. 
When PC 210 is used as an inverter, the two- 
input circuit is used with one input grounded. 
Thus one circuit is capable of performing three 
of the five basic computer functions. 


2.1 Circuit Configuration: A single-transistor 
common-emitter amplifier operating as a NOR 
gate was chosen for the general purpose gate 
function. When the circuit is used as an AND 
gate, the transistor is normally on and cannot 
be turned off unless all the inputs are simul- 
taneously at their most positive voltage (zero 
volts). When the circuit is operating as an 
OR gate, the transistor is normally off and can 
be turned on by any of the inputs which change 
from zero to a —6 volt level. If more than 


1See also Preferred Circuits 211 through 216. 

2 A NOR gate is a circuit which is capable of operating 
either as an AND gate or asan OR gate. Fora glossary 
of digital computer terms see Notes to the Preferred 
Circuits Manual, section 17. 
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one of the inputs is driven negative, the tran- 
sistor is driven deeper into saturation, but the 
output signal is unaffected. PC 210 can be 
used as an inverter by using the 2-input gate 
and grounding the unused input. 

The output is clamped to —6 volts in the 
OFF state by diode CR1 and to ground in the 
ON state by the saturated transistor. The 
positive 6-volt bias supply, together with the 
resistor R5, provides a current bias which 
prevents Iggo flow in the base region during 
cut-off condition, and therefore prevents I¢so 
multiplication. The clamped operation using 
CR1 standardizes the magnitude of the output 
pulses and levels. 

Clamped operation also increases the speed 
of the ON to OFF transition in two ways. First, 
limiting the maximum magnitude of the input 
signal by clamped-driving circuits limits the 
number of the minority carriers stored in the 
base of the driven circuit. This in turn allows 
the minority carriers to be cleared out of the 
base more rapidly in the ON to OFF transition, 
and therefore decreases storage time.’ Second, 
the rise time of the output voltage is decreased 
because the voltage change is limited by the 
clamp to the initial portion of an exponential 
waveform. 

The change from a 2-input to a 4-input gate 
is accomplished by changing the resistance of 
R5 and R6 and adding two RC input circuits. 
When PC 210 is used as an inverter for positive- 
going signls, the AND gate output-loading 
restrictions apply. When it is used as an 
inverter for negative-going signals, the OR gate 
output-loading restrictions apply. 


2.2 AND Circuit Operation: During AND gate 
operation a spurious pulse can appear at the 
output.* Assume all inputs to the gate are 
initially at —6 volts and then one input is 
driven positive. A positive transient will feed 
through the input capacitor and drive minority 
carriers out of the base region. In transistors 


3 For a definition of storage time, see note 8, p. 210—- 
4, 

4 A.I. Pressman, Design of Transistorized Circuits for 
Digital Computers, John F. Rider, Inc., N.Y., 1959, pp. 
210-212. 


210-6 


PREFERRED Circuirs Manuau 


Navwers 16-1-519 


with low minority-carrier storage characteris- 
tics, this depletion of minority carriers will cause 
the transistor to turn off temporarily, and a 
spurious output pulse will result. The magni- 
tude and duration of this unwanted output 
pulse could be reduced if the input capacitor 
were reduced in magnitude to limit the minority 
carrier removal during the transient. Use of 
a smaller capacitor, however, would prevent 
a pulse from turning the transistor on under 
worst operating conditions when the circuit 
was being used as an OR gate or as an inverter 
for negative-going pulses. 

The spurious output pulses cause no difficulty 
when the output of the AND gate is eventually 
directed to the resistive input of a bistable 
multivibrator, such as PC 212. The resistive 
inputs are integrating networks with a time 
constant sufficient to prevent the maximum 
amplitude and duration of the spurious pulses 
from causing an unwanted signal. If the AND 
function must be performed on a mixture of 
levels and pulses and the gate output must drive 
a load other than the resistor inputs a, c, e, or 
g of PC 212, the pulse gate, PC 211, must be 
used. 


2.3 Input Impedances and Loads: The maxi- 
mum load that can be driven by any of the 
digital circuits is determined by the effect. of the 
load on the rise time of the output signal. To 
simplify the loading rules, the input impedance 
and maximum load for each circuit of the set 
of digital logic circuits, PC 210 through PC 216, 
are abitrarily given in terms of ‘‘F” and “G” 
loads. The “G” (gate) load is equivalent to the 
input impedance of PC 210; the “F” (flip-flop) 
load is derived from the input impedance of the 
bistable miltivibrator, PC 212. 

The equivalent circuit of each of these loads 
is shown in figure 210-1. The actual load 
impedance may vary somewhat from the equiv- 
alent circuit describing it; however, allowances 
were made for this in formulating the loading 
rules. The two forms of the “F” load repre- 
sent the two methods of coupling into the 
flip-flop. Because the transistor loads the 
junction of the resistor and capacitor in the 
actual input circuit of the flip-flop, the “F” 
load is a less accurate approximation than the 
“@” load. 


560 33K 
jo 


at 560 


(a) "F" LOAD 


i80 


5.62K 
(b) "G" LOAD 


Figure 210-1.—Equivalent circuits of loads and 
input impedances. 


2.4 Power Supplies: The —18 volt supply 
should be obtained by connecting the positive 
side of a 12 volt floating source to the —6 volt 
supply. In this way the clamping diode current 
can be maintained when the transistor is 
biased off without causing reverse current flow 
in the —6 volt supply. If the —18 volts is 
supplied from a separate source and the tran- 
sistor is off, the clamping diode current will be 
maintained by a current from the —18 volt 
supply flowing in the reverse direction through 
the —6 volt supply, because the two supplies 
will be connected in series opposition. 

Supply voltages should not deviate more than 
10% from the nominal values of 6 volts, —6 
volts, and —18 volts. The noise level on the 
—6 volt supply must not exceed 1.7 volts in 
peak magnitude to prevent spurious triggering 
of loads such as bistable multivibrator PC 212 

When PC 210 is used in a system, additional 
filtering of power leads is required to keep ex- 
ternal and system induced noise to tolerable 
levels. This problem is discussed at length in 
Notes to the Preferred Circuits Manual, section 
17. 


3. PERFORMANCE 


Input and output waveforms for typical 
operation of the general purpose NOR gate, 
PC 210, are shown in figures 210-2 and 210-3. 
All traces were obtained at a sweep speed of 0.2 
usec per centimeter. Only the two-input 
gate operation is illustrated since the waveforms 
for the four-input version do not differ sig- 
nificantly from those shown. 

Figure 210-2 shows the output of PC 210 
when the input is a positive pulse. Since the 
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0.2 psec—» 


(a) | wsec input pulse 


{b) Output with no load 


(@) Output with IG" load 


Figure 210-2.—Typical waveforms for 2 input 
gate with positive input signal. 


input waveform is not significantly affected by 
output loading, only one input trace is illus- 
trated. Maximum output loading is deter- 
mined by the deterioration permissible in the 
rise time of the output waveform. The rise 
time in turn is determined by the time constant 
of the circuit consisting of the load in parallel 
with the transistor collector resistor, since the 
transistor is off during this transition. Com- 
parison of waveforms (b) and (c) shows that 
the output waveform rise time deteriorates 
rapidly, although with 1 ‘“G” load, it is within 
the specified 0.2 usec maximum. 

For a negative input pulse (figure 210-3), the 
leading edge of the output waveform is gen- 
erated by the discharge of the load capacitor 
through the transistor. The rise times are 
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faster than they are with positive inputs, since 
the resistance in parallel with the load now 
includes the saturation resistance of the tran- 
sistor, but they are more dependent on tran- 
sistor characteristics, such as the saturation 
resistance, beta, and delay time. As indicated 


VOLTS 
5 


ie) 


0.2 SEC a| 
(a) | sec input pulse 


—L.. 


(b) Output with no toad 


(c) Gutput with !"6" load 


(d) Output with 4'G" loads 


Figure 210-3.—Typical waveforms for 2 input 
gate with negative input signal. 


in (d), the rise time with 4 “G” loads is still 
within the 0.2 ywsec maximum. The trailing 
edge of the output waveforms illustrates the 
increase in turn-off time as the load on the 
circuit is increased. 
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Components: 
Maximum power dissipation: R1, R2, R3, R4: 8 mw; R5, R6, R7, R8: 2 mw; RY: 300 mw. 
Limits (these are not tolerances; see note 2): AllR: +5%. AllC: +10%. 
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Operating characteristics: 
Temperature range: —30° C to +60° C. 
Input impedance: One “G” load. (See section 2.1) 
Input signal characteristics: 
Level (Note 3): 
Logical “1”: —6.2 volts +10% at 1.2 ma maximum. 


Logical ‘0’: —0.15 volts. 
Pulse (Note 4): 
Polarity: Positive or negative. 
Amplitude: 6 volts +10%. 
Width at 50% amplitude: 0.8 usec minimum; 5 usec maximum. 
Rise time (Note 5): <0.2 usec. 


Switching characteristics (Note 6): 


a 


Input signal Output signal 


Level change from 0 v to —6 v with rise time | Level change from —6 to 0 v. 
of 1.4 psec. Turn-on time (Note 7): 1.6 usec max. 
Delay time: 0.9 usec max. 
Rise time: 0.7 usec max. 
Level change from —6 v to 0 v with rise time | Level change from 0 v to —6 Vv. 
of 0.5 ysec. Turn-off time (Note 8): 1.2 ysec max. 
Storage time: 0.4 usec max. 
Rise time: 0.8 wsec max. 


Negative-going pulse with rise time of 0.2 | Positive-going pulse. 
usec. Turn-on time: 0.35 ywsec max. 
Delay time: 0.15 usec max. 
Rise time: 0.2 ywsec max. 
Positive-going pulse with rise time of 0.2 | Negative-going pulse. 
usec. Turn-off time: 0.33 psec max. 
Storage time: 0.15 ysee max. 
Rise time: 0.18 usec max. 


Maximum load: (See section 2.1.) 


Type of output 


Circuit 2. 
Direct current Level Positive pulse Negative pulse 
2 and 4 input 6 ma at —6.2 v Maximum of 4 loads, Maximum of 4 loads, no | One G load only. 
gates. 410%. no more than 2 of more than 2 of which 
which are F. loads. are F loads. 
(Specifications continued on next page) 
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Power requirements: 


Current 
Voltages 
2 Input gate 4 Input gate 
SAS Vi 10% So de el oo tee ee et ee 14 ma 14 ma 
Give LO Ug ciel sae seal oS eek A ety os See 14 ma 14 ma 
a0 WO oe aioe ae ee cat Att te eee re 0.35 ma 0.7 ma 


Norss: 

1. The —18 volt supply is obtained by connecting a —12 volt source in series with the —6 
volt supply. (See section 2.2.) 

2. The performance specifications are based on component values which do not deviate from 
the nominal by more than the limits specified. Thus the term “limits” includes the initial tolerance 
plus the drifts caused by environmental changes or aging. 

3. The minimum duration of a level is 5 usec. 

4. Positive pulses are referenced to —6.2 volts +10%. Negative pulses are referenced to 
ground (actually about —0.15 volt). 

5. Rise time is used in the usual pulse sense to mean the time required for the leading edge of 
the waveform to change from 10% to 90% of its maximum amplitude. 

6. Maximum switching times were obtained by operating the circuit with the worst com- 
bination of limit transistors, components, supply voltages, and temperature. The load in each 
case was maximum for that type of operation. 

7. The turn-on time is the time required for the collector voltage to complete the first 90% 
of its total amplitude change when the transistor is turned on. It is measured from the instant 
that the signal applied to the transistor to turn it on completes 10% of its amplitude change, and 
includes the delay time (the time required for the first 10% change in collector voltage) and the 
rise time (the time required for the voltage change from 10% to 90%). 

8. The turn-off time is the time required for the collector voltage to complete the first 90% 
of its total amplitude change when the transistor is turned off. It is measured from the instant 
that the signal applied to the transistor to turn it off completes 10% of its amplitude change, and 
includes the storage time (the time required for the first 10% change in collector voltage) and the 
rise time (the time required for the voltage change from 10% to 90%). 
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PC 211 


1. APPLICATION 


PC 211 is a special purpose NOR gate 
designed for use in computer, control, and com- 
munication equipment operating within the 
temperature limits of —30 and +60°C. It is 
used only for the AND operation when the 
general purpose NOR gate, PC 210, would 
prove unsatisfactory due to the possible occur- 
rence of spurious pulses in the output. PC 211 
should not be used as an OR gate or for inversion 
because in these applications it offers no 
advantage over PC 210 and is wasteful of 
transistors and power. 


2. DESIGN CONSIDERATIONS 


- PC 211 is similar to PC 210 except that it 
employs one transistor per input. It is similar 
to all the circuits of the digital logic set’ in 
that current bias is used to prevent Igo flow in 
the base region, and clamped operation is used 
to obtain the benefits of standardization of the 
output voltage amplitude and speed up of the 
ON to OFF transition. 

The value of the speed-up capacitors in the 
input circuits of the transistors has been in- 
creased to 220 yuuf from the 180 uf used in 
PC 210. This increases the turn-off speed and 
compensates for the effect of the output capac- 
itance of the additional transistors. It also 
increases the load presented to the driving 
circuit, but this is offset by the decrease in the 
number of input RC circuits to one per transis- 
tor. Hence, the input impedance of PC 211 is 
the same as that of PC 210. 

When PC 211 is used as an AND gate, 
spurious output pulses are prevented because 
the output terminal is clamped to ground if 
any of the transistors are conducting. If all 
inputs are at the —6 volt. level and one input 
changes to the zero volt level, the transistor 
associated with that input will be cut off, but 
all the other transistors will remain on in 
saturation and the output voltage will not 
change. 


2.1 Input Impedances and Loads: The maxi- 
mum load that can be driven by any of the 


1See also Preferred Circuits 210 through 216 and 
Notes to the Preferred Circuits Manual, section 17. 
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NOR GATE, PULSE, 2 AND 4 INPUT 


digital circuits is determined by the effect of the 
load on the rise time of the output signal. To 
simplity the loading rules, the input impedance 
and maximum load for each circuit of the set 
of digital logic circuits, PC 210 through PC 216, 
are arbitrarily given in terms of ‘“F”’ and “G” 
loads. The “F”’ (flip-flop) load is derived from 
the input impedance of the bistable multivi- 
brator, PC 212. The “G” (gate) load is equiv- 
alent to the input impedance of the general 
purpose NOR gate, PC 210. 

The equivalent circuit of each of these loads 
is shown in figure 211-1. The actual load 
impedance may vary somewhat from the equiv- 
alent circuit describing it. Allowances were 
made for this, however, in formulating the 
output loading rules. The two forms of the 
‘F” load represent the two methods of coupling 
into the flip-flop. Because the transistor loads 
the junction of the resistor and capacitor in the 
actual input circuit of the flip-flop, the “F” 
load is a less accurate approximation than the 
“GQ” load. 


560 3K 
o—_{ aati 
3.3K 


i 


(a) "F" LOAD 


180 


5.62K 
(b) "G" LOAD 


Figure 211-1.—Equivalent circuits of loads and 
input impedances. 


2.2 Power Supplies: The —18 volt supply 
should be obtained by connecting the positive 
side of a 12-volt floating source to the —6 volt 
supply. In this way the clamping diode current 
can be maintained when the transistor is biased 
off without causing reverse current flow in the 
—6 volt supply. If the —18 volts is supplied 
from a separate source and the transistor is off, 
the clamping diode current will be maintained 
by a current from the — 18 volt supply flowing in 
the reverse direction through the —6-volt supply, 
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because the two supplies will be connected in 
series opposition. 

Supply voltages should not deviate more than 
10% from the nominal values of 6 volts, —6 
volts, and —18 volts. The noise level on the 
—6 volt supply must not exceed 1.7 volts in 
peak magnitude to prevent spurious triggering 
of loads such as bistable multivibrator PC 219. 

When PC 211 is used in a system, additional 
filtering of power leads is required to keep 
external and system induced noise to tolerable 
levels. This problem is discussed at length in 
Notes to the Preferred Circuits Manual, 
section 17. 


3. PERFORMANCE 


_ The performance of PC 211 as an AND gate 
is illustrated by figure 211-2. Only waveforms 
for the two-input gate are shown, since the per- 
formance of the four-input version is not signfi- 
cantly different. No curves of the OR opera- 
tion are included, because PC 211 is not 
intended for such use. All traces were obtained 
at a sweep speed of 0.2 usec per centimeter. 

Only one input signal is shown in trace (a), 
since the input signal is not significantly 
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affected by output loading. The traces of the 
output signals for no load and 1 “G” load 
(traces (b) and (c) respectively) do not differ 
significantly from those of PC 210 when used 
as an AND gate. 


(a) | 2 Sec input pulse 


i ee —— 


(b) Output with no load 


(c) Output with |"G" load 


Figure 211-2.—Typical waveforms for 2-input 
gate. 
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Components: 
Maximum power dissipation: R1, R4, R5, R6, R7, R10: <5 mw; R3, R8: 10 mw; R2, R9: 
0.25 watt. 
Limits (these are not tolerances; see note 2): Ri, R5, R7, Ri0: 420%; all other R: +5%. 
All C: +10%. 


Operating characteristics: 
Temperature range: —30° C to +60° C. 
Maximum operating rate: 150 ke. (See section 2.2.) 
Input impedance: One “F” load. (See section 2.4.) 
Input signal characteristics (terminals }, d, f, and h): 
Polarity: Positive. 
Amplitude: 6 volts reference to —6.2 volts +10%. 
Rise time: <0.4 psec. 
Width at 50% amplitude: 0.8 wsec minimum. 
Switching and output characteristics under worst operating conditions: 


Output Level change Maximum switching time (note 3) Maximum load 
Collector of transistor | —6vto0v Turn on time (note 4): 0.9 usec. | 4 RC loads, type “F’’ or 
switching from off to on. Delay time: 0.5 psec. “G.” (See section 2.4.) 


Rise time: 0.4 psec. 


Collector of transistor | 0 v to —6Vv Turn off time (note 5): 1.6 psec. | 4 RC loads, type “F” or 
switching from on to off. Storage time: 0.2 usec. “G.” (See section 2.4.) 
Rise time: 1.4 usec. DC load: 5 ma +10%. 


er 


Power requirements: 
—18 volts +10% at 24 ma. 
--6 volts +10% at 24 ma. 
+6 volts +10% at 0.5 ma. 


Notes: 

1. The —18 volt supply is obtained by connecting a — 12 volt source in series with the —6 volt 
supply. (See section 2.5.) 

2. The performance specifications are based on component values which do not deviate from 
the nominal by more than the limits specified. Thus the term “limits” includes the initial tolerance 
plus drifts caused by environmental changes or aging. 

3. Maximum switching times were. obtained by operating the circuit with the worst combina- 
tion of limit transistors, components, supply voltages, and temperature, and with 4 loads connected 
to each output. See figures 212-6 and 212-7 for the effects of the load. 

4. The turn-on time is the time required for the collector voltage to complete the first 90% 
of its total amplitude change when the transistor is turned on. It is measured from the instant 
that the signal applied to the transistor to turn it on completes 10% of its amplitude change, and 
includes the delay time (the time required for the first 10% change in collector voltage) and the 
rise time (the time required for the voltage change from 10% to 90%). 

5. The turn-off time is the time required for the collector voltage to complete the first 90% 
of its total amplitude change when the transistor is turned off. It is measured from the instant 
that the signal applied to the transistor to turn it off completes 10% of its amplitude change, and 
includes the storage time (the time required for the first 10% change in collector voltage) and the 
rise time (the time required for the voltage change from 10% to 90%). 
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PC 212 MULTIVIBRATOR, BISTABLE (150 KC) 


1. APPLICATION 


PC 212 is a bistable multivibrator designed 
as the storage element in a compatible set of 
digital logic circuits! for use in computer, 
control, and communications equipment oper- 
ating within the temperature limits of —30 
and +60° C. It operates in conjunction with 
input diode gates which are an integral part of 
the circuit. For maximum versatility, direct 
connection is also provided to the base of each 
transistor. PC 212 can be used as a counter 
and as a serial or parallel shift register at 
operating rates up to 150 ke under maximum 
load. 


2. DESIGN CONSIDERATIONS 


PC 212 consists of two grounded-emitter 
amplifiers, similar to the circuit of PC 210, 
with the output of each tied to the input of the 
other. The transistors are stabilized against 
Topo multiplication by resistors returned to a 
positive 6-volt potential. One output is 
clamped to —6 volts by diodes CR2 or CR4 
and the other to ground (maximum —0.15 
volts) by the saturated ON transistor. The 
diode gates, CR1, R1, Cl; CR3, R5, C3; 
CR5, R7, C4; and CR6, R10, C6, are an 
integral part of the circuit. 


2.1 Circuit Operation: Operation of the circuit 
is best described if it is assumed that the 
circuit is in a quiescent state, with Q1 off and 
Q2 on. The voltage at the collector of Q1 is 
then —6.2 volts (6 volts clamping plus the 
drop of —0.2 volts across diode CR2). This 
voltage causes sufficient current to flow through 
R3 from the base of Q2 to keep Q2 in saturation. 
Since Q2 is saturated, its collector is approxi- 
mately at ground potential, and Q1 is held in 
the OFF condition by the positive bias (approxi- 
mately 1 volt) applied to its base by the divider 
R4, R8. 

To change the state of the multivibrator, a 
positive-going pulse is applied to the base of 
the ON transistor, Q2. After a delay caused 
by the base storage of minority carriers, Q2 
begins to turn off, and the voltage at its collector 


1 See also Preferred Circuits 210 through 216 and 
Notes to the Preferred Circuits Manual, section 17. 
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begins to fall at a rate determined primarily 
by the RC network (which includes all loads) 
tied to its collector. This negative voltage 
change at the collector of Q2 is coupled back 
to the base of Q1 through the feedback network , 
C5, R8, and initiates the turn-on process in 
Q1. After a delay which depends on the 
characteristics of the transistor, the voltage at 
the collector of Q1 starts to rise ,and the change 
is coupled to the base of Q2. The transition 
then proceeds regeneratively until Ql is on 
and Q2 is off. Since the switching is not 
completely regenerative, the input pulse gen- 
erator must provide a sink for the minority 
carriers stored in the base of Q2 and must 
maintain the base of Q2 at ground potential 
until Q2 has begun to turn off. 


2.2 Diode Gates: The diodes connected to the 
transistor bases offer low resistance paths to 
positive-going input signals and discriminate 
against negative-going waveforms. The diodes 
may be primed, i.e., biased to allow easy flow 
of forward current, by bringing the associated 
resistive input connection (a, c, e, or g) to 
ground potential. They can be inhibited, ie., 
biased to prevent the flow of forward current, 
by lowering the voltage at the resistive input 
to —6 volts. (The actual voltage is —6.2 volts 
+10%, and the ground potential may be as 
large as —0.15 volts. For brevity, however, 
these values are referred to as —6 volts and 
ground potential.) The 1.85 ysec time constant 
of the diode gates determines the maximum 
operating rate of the multivibrator. More than 
three time constants are allowed for the gates 
to settle at the fastest operating rate (150 ke). 


2.3 Binary cells: The binary cell is the 
elementary storage unit of a digital computer. 
The common binary cell connections discussed 
in this section are illustrated by means of block 
diagrams which are labeled to correspond with 
PC 212. The nomenclature used is taken from 
Logical Design of Digital Computers. ? 

The response of a binary cell to a positive 
pulse depends on the condition of both the diode 
gate and the multivibrator at the time that 


2M. Phister, Logical Design of Digital Computers, 
John Wiley and Sons, Inc., New York, 1958. 
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the pulse is applied. A positive trigger applied 
to one of the pulse inputs of PC 212 (6, d, f, or 
h) will cause the multivibrator to change states 
only if the diode gate is primed, and if the 
associated transistor is in the ON state. The 
ON transistor may be identified in figures 212-1 
through 212-4 as the one with the “0” output. 


(a) T connection: When the T connection, 
figure 212-1, is used, the multivibrator changes 
state once for each positive pulse applied to the 
T input. One of the diode gates, ab or ef, is 
always primed because of the connection of the 
resistive inputs @ and e to the outputs X and X, 
respectively. If the cell is originally in the “1” 
state,? as shown in the figure, a positive pulse 
put into T will flow through f, because the 
associated diode is primed by connection to the 
“0” output at X, and the diode gate ad is 
inhibited by connection to the ‘1’ output at X. 
This pulse will cause the multivibrator to change 
state and in so doing will prime the diode gate 
ab so that the binary is ready for the next pulse. 
Diode gates cd and gh are not needed in the T 
connection and are inhibited by connection to 
the —6 volt source to prevent spurious signals 
or pickup at d and h from interfering with the 
operation of the cell. 


Figure 212-1.—T connection. 


(6) RS connection: In the RS connection, 
shown in figure 212-2, both the ed and gh gates 
are always primed, and positive input pulses 
must be directed to the proper gate to cause the 
cell to change state. If the counter is in the “1” 
state as shown, a positive pulse directed to the 


3 The output of a binary cell is gaid to be “1’’ when 
the indicating output (X output of PC 212) is “1” 
(—6 volts) and ‘0’ when the indicating output is “0” 


h input will cause the cell to change to the zero 
state, but a positive signal directed to the d 
terminal will have no effect. Once the counter 
changes to the ‘0’ state a positive pulse must 
be directed to the d input to again put the 
binary in the “1” state. The R input, terminal 


A, is the reset input since it is used to place the 


binary cell in the “0” state. The S input, 
terminal d, is the set input since it is used to 
place the binary in the ‘‘1” state. If positive 
pulses arrive simultaneously at the R and S 
inputs, the action of the multivibrator is not 
predictable. 


Figure 212-2.—RS connection. 


(c) JK connection: If positive pulses can 
arrive simultaneously at both sides of the 
multivibrator, the JK connection, figure 212-3, 
is used. This is merely a T connection with 
separate trigger inputs. As in the RS con- 
nection, positive input pulses must be directed 
to the proper input to cause the binary cell to 
change its state, but only the input which is 
connected to the base of the ON transistor is 
primed. Therefore, if positive pulses come 
into both the J and K inputs simultaneously, 
only the ON transistor will receive the pulse, 
and the binary will change states. The JK 
connection is used in preference to the RS 
connection only when simultaneous pulses at 
the set and reset inputs must be dealt with. 


Figure 212-3.—JK connection. 
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(d) RST connection: The RST connection 
(fig. 212-4) is the usual binary cell connection 
for a digital counter bit and is discussed in 
detail in section 4.1. It may be triggered by 
positive pulses directed to the T terminal, or 
by set and reset pulses directed in the proper 
order to the S and R terminals. The JKT 
connection can be formed by connecting the 
e and g terminals to the X and X outputs, 


Figure 212-4.—RST connection. 


respectively, instead of to ground as shown in 
figure 212-4. Since this constitutes double 
loading on the outputs, this connection is not 
ordinarily used. 


2.4 Input Impedances and Loads: The maxi- 
mum load that can be driven by any of the 
digital circuits is determined by the effect of 
the load on the rise time of the output signal. 
To simplify the loading rules, the input im- 
pedance and maximum load for each circuit of 
the set of digital logic circuits, PC 210 through 
PC 216, are arbitrarily given in terms of ‘“F” 
and “G’ loads. The “F” (flip-flop) load is 
derived from the input impedance of the 
bistable multivibrator, PC 212. The “G” 
(gate) load is equivalent to the input imped- 
ance of the general purpose NOR gate, PC 
210. 

The equivalent circuit of each of these loads 
is shown in figure 212-5. The actual load im- 
pedance may vary somewhat from the equiva- 
lent circuit describing it. Allowances were 
made for this, however, in formulating the 
output loading rules. The two forms of the 
“F” load represent the two methods of coupling 
into the flip-flop. Because the transistor loads 
the junction of the resistor and capacitor in the 
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actual input circuit of the flip-flop, the ‘“F” 
load is a less accurate approximation than the 


“G” load. 


560 3.3K 


(a) "F" LOAD 


5.62K 
(b) "G" LOAD 


Figure 212-5.—Equivalent circuits of loads and 
input impedances. 


2.5 Power Supplies: The —18 volt supply 
should be obtained by connecting the positive 
side of a 12-volt floating source to the —6 volt 
supply. In this way the clamping diode current 
can be maintained when the transistor is 
biased off without causing reverse current flow 
in the —6 volt supply. If the —18 volts is 
supplied from a separate source and the tran- 
sistor is off, the clamping diode current will be 
maintained by a current from the —18 volt 
supply flowing in the reverse direction through 
the —6 volt supply, because the two supplies 
will be connected in series opposition. 

Supply voltages should not deviate more 
than 10% from the nominal values of 6 volts, 
—6 volts, and —18 volts. The noise level on 
the —6 volt supply must not exceed 1.7 volts 
in peak magnitude to prevent spurious trig- 
gering of loads, such as other bistable multi- 
vibrators. 

When PC 212 is used in a system, additional 
filtering of power leads is required to keep 
externai and system induced noise to tolerable 


levels. This problem is discussed at length in 
Notes to the Preferred Circuits Manual, 
section 17. 


3. PERFORMANCE 


Figures 212-6 through 212-9 illustrate the 
effect of load on the performance of PC 212. 
All waveforms were taken at a sweep speed of 
0.2 usec per centimeter with a vertical scale of 
5 volts per centimeter. 
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Figure 212-6 shows the waveforms at the 
indicating output, X, for several load combina- 
tions when the binary is being switched from 
0 to 1. Under these conditions transistor Q1 
is turned off by the input signal, and the volt- 
age at its collector, which is the X output, 
changes from ground to -—6 volts. The 
capacitive load on the collector must charge 
through a resistance roughly equivalent to the 
parallel combination of the load resistance, 
R2, and R3. The rise time of the output 
waveform is principally determined by the 
time required to charge this capacitance, and 
as can be seen by comparing traces b with c 
and d with e, the rise time of the X output for 


VOLTS 


(a) !psec input pulse 


(b) Output at X with single "6" 
and X 


; = 


{e} 


oads at both X 


-5 


-10 


(c) Output at X with |G" load at X and 4 at X 


(d) Output at X with 4 "6G" loads ot X and I at X 


= 


(e) Output at X with 4 "6" loads at both X and xX 


Figure 212-6.—Effects of the loads on PC 212 on 
the 0 to 1 transition at the X output. 


the 0 to 1 transition is a function of the load on 
X and is relatively unaffected by the load on X. 

Figure 212-7 shows the waveforms at the 
indicating output when the binary is being 
switched from 1 to 0, for the same load com- 
binations as in figure 212-6. In this case QI 
is turned on by Q2, and the load on the collector 
of Q2, the X output, has a significant effect 
on the output at X, as can be seen by comparing 
traces b with c and d with e. 


0.2 psec 
-10 eho —+ 


(a) i zsec input pulse 


5 +— 


(b) Output at X with single "G" loads at both X 
and X 


-10 


(c) Output at X with 1"G"load at X and 4 at X 


“ Ltt 


(d) Output at X with 4 "G"loads at X and lat X 


“10 
(e) Output at X with 4 "G" loads ot both X and X 


Figure 212-7.—Effects of the loads on PC 212 on 
the 1 to transition at the X output. 


The switching sequence for the 1 to 0 tran- 
sition at the X output is shown in figures 
212-8 and 212-9. The input pulse is applied 
to transistor Q2 which turns off. Q2 collector 
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(Xx output) voltage falls to —6 volts relatively 
slowly because the capacitance connected to 
the collector must charge through the equiva- 
lent resistance mentioned above. By contrast, 
the rise of Q1 collector voltage is more rapid 
because the saturation resistance of the tran- 
sistor furnishes an additional discharge path for 
the load capacitance, but there is considerable 
delay in the turn-on of Q1 because the base 
drive comes from the slowly changing collector 
voltage of Q2. When four ‘‘G”’ loads are con- 
nected to the X output (fig. 212-9), the rise 
time of the waveform at X is further increased, 
causing further delay in the turn-on of Q1. 
Since the load on the X output has not changed, 
the increase in the turn-on time of Q1 is mostly 
caused by the increase in delay time. 


(a) lw sec input pulse 


(b) Waveform at X 
showing Q2 collector voltage during turn-off 


-10 


(c) Waveform at X 
showing QI collector voltage during turn-on 


Figure 212-8.—Switching sequence showing the 
resetting of PC 212 with single “G” loads at 


both X and X. 


Although these waveforms (figs. 212-6— 
212-9) illustrate the effect of load on the 
waveform at the indicating output, similar 
results would be obtained at the X output. In 
general, the delay and rise times of the output 
waveform at a given output are proportional 
to the load on that output during the 0 to 1 
transition, but are primarily controlled by the 
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VOLTS 


(a) lwsec input pulse 


(b) Waveform at X 
showing Q2 collector voltage during turn-off 


(c) Waveform at X 
showing Q! collector voltage during turn-on 


Figure 212-9.—Switching sequence showing the 
resetting of PC 212 with 4 “G” loads at both 


X and X. 


load on the other output during the 1 to 0 
transition. 


4, EXAMPLES OF USE 


PC 212 when connected as a binary cell can 
indicate a ‘1” or a “0” and can store 1 “bit” of 
information; “‘n”’ such circuits can be connected 
in tandem to form an n-bit register to store n 
bits of information or an n-bit counter to count 
from 0 to (2")—1. 

4.1 Counters: Four binary cells of the RST 
type connected as a 4-bit counter are shown in 
figure 212-10. The pulses to be counted are 
fed into the counter through the trigger (T) 
input of the first counter, and the indicating 
output of each counter except the last is fed to 
the trigger input of the succeeding binary. 
The output of the last binary may be used, for 
instance, to initiate the eighth or sixteenth step 
in a given process; or the counter may be used 
to count items, in which case a visual indication 
of the count can be had by connecting an 
indicator, such as PC 216, to the X terminal of 
each binary. Depending on the system logic, 
the set level and reset level connections may be 
primed by connecting them to ground, or they 
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SET RESET 
PULSE 


RESET 
LEVEL 


SET 
LEVEL 


Figure 212-10.—Connections for a 4-bit binary counter. 


may be connected to external logic which will 
inhibit them until a set or reset pulse is due to 
arrive. 

To illustrate the operation, assume that the 
set and reset levels have been grounded and 
that a reset pulse has been put into the counter 
so that all the indicating outputs read “0”. The 
first positive pulse to enter the trigger input 
will cause the X output of binary C1 to change 
from “0” to “1”. This change will be coupled 
to the trigger input of C2, but since it is nega- 
tive-going, it will have no effect on C2. When 
the second positive trigger pulse enters the 
trigger input, however, the indicating output 
of C1 will change from “1” to “0”, and this 
positive-going change will cause C2 to change 
from ‘0” to “1”. This change in C2 output 
will be coupled to the input of C3 but will not 


affect C3 since it is negative-going. This se-- 


quence of events will be repeated for every 
positive pulse or positive change of voltage at 
the trigger input, with each succeeding binary 
changing state once for every two changes of 
state of the preceding one. Fifteen positive 
input pulses or level changes would be required 
to cause all the binaries in figure 212-10 to 
read “1” 


4.2 Shift Registers: A group of binary cells 
may be connected in tandem to form a shift 
register, which is a device capable of retaining 
information in the form of an ordered set of 
characters and of displacing that information 
one or more places to the left or right. Infor- 
mation can be inserted in such a register in 
parallel, i.e., in all cells simultaneously, or it 
can be inserted serially, in which case one bit is 
inserted in the first cell, then shifted to the 
second cell and a second bit inserted in the first 
cell, and the process continued until an ordered 
set of data has been inserted in the register. 
Data contained in a shift register, whether ini- 
tially inserted in parallel or in serial form, can 
be shifted out serially when so required. 

When PC 212 is used to form a shift register, 
a modified T connection is used, as shown in 
figure 212-11. The capacitive inputs of one set 
and one reset gate are connected together to 
form a common trigger terminal as in the T 
connection, but the resistive inputs associated 
with each of these gates are primed or inhibited 
in accordance with the data to be inserted in 
the cell. The input data is applied to the level 
gates, a@ and e, and is registered in the cell by 
the shift pulse which is applied to the common 
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trigger input. For proper operation, the in- 
puts at a and e must be different, that is, if the 
level at a is ‘1’, the level at e must be ‘0’, 
and vice versa. 

Since the function of the shift register 
binary is to store information, it must duplicate 
at its output the signal applied to the input 
terminals. When triggered, it must change 


e@ RESET 
2 o X INPUT 


TRIGGER PULSE 


Figure 212-11.—Modified T connection used for 
shift register. 


state if the input and output are different, 
but must remain in the same state if the input 
and output are the same, and the proper 
action must be determined by the level in- 
puts. If the output of the cell is “1’’, as indi- 
cated in figure 212-11, and a “0” is to be 
shifted in, the reset side of the binary must 
be primed so that the trigger pulse will cause 
the binary to change from “1” to “0”. This 
can be accomplished by directing the “0” to be 
shifted into the reset level input, terminal e. 
If a “1” is to be shifted in, it must be directed 
to the reset side of the binary to inhibit the reset 
gate and prevent a change in state. If at the 
same time a ‘‘0”’ is directed to the set level input, 
terminal a, the set gate will be primed but no 
change in the state of the binary will occur 
because this directs the trigger pulse to the 
OFF transistor. 

If the output of the register binary is origi- 
nally “‘0’’, on the other hand, and a “1” is to 
be shifted in, a “0” level must be directed to 
the set input so that the shift pulse will cause 
the binary to change from ‘‘0” to “1”. If, at 
the same time, the “1” to be shifted in is directed 
to the reset input, it will not prevent the 
required change in state of the binary. If a 
“0”’ is to be shifted in, it must be directed to the 
reset input so that the shift pulse will be directed 
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to the OFF transistor, preventing a change in 
state of the binary. Correct operation of the 
register binary will be obtained, therefore, if the 
indicating output of the driving circuit is con- 
nected to the reset side, and the opposite signal 
connected to the set side of the register binary. 
. To connect several binary cells to form a 
shift register, the set level of each cell is con- 
nected to the X output of the previous cell, 
and the reset level is connected to the X output. 
If the data is to be registered serially, the input 
to the first cell is connected to logic external 
to the register (a NOR gate, a second register, 
etc.), care being taken to continue the cross 
connection of set and reset level inputs as 
was done between cells. In the case of parallel 
input, however, the resistive inputs to the 
gates of each cell of the register are connected 
to the inserting logic. For example, if the 
inserted information comes from a binary 
counter, the reset input to each cell of the 
shift register is connected to the indicating 
output of the same ordered cell of the counter, 
and each set input of the register is connected 
to the non-indicating output of the counter. 
Although information may be shifted into the 
register either serially or in parallel, it is 
usually shifted out serially. 

Figure 212-12 shows a_ two-stage shift 
register connected for both serial and parallel 
operation. The modified T connection using 
gates ab and ef is used for the serial shift. 
The trigger terminals formed by connecting 
terminals 6 and f of each of the cells are all 


parallel serial 


shift pulse shift pulse 


Figure 212-12.—Two-stage shift register. 
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connected together to form the serial shift 
pulse terminal, since the shift pulse is applied 
to all cells simultaneously. Now, however, 
use is made of the two extra gates of each 
cell cd and gh to form an additional modified 
T connection. The resistive inputs of each 
of these gates may be connected to individual 
cells of the data source so that data can be 
shifted into $1 and S2 simultaneously when a 
parallel shift pulse is applied. 

In a shift register, the shift pulse is applied to 
all cells of the register simultaneously. When 
the register is operating serially, each cell must 
register the output of the preceding cell as it was 
prior to the shift pulse, even though this output 
may also be changing as the driving cell re- 
sponds to the shift pulse. This is made possi- 
ble by the time delay associated with the level 
inputs to the cell gates, which delay prevents 
the prime or inhibit signals on the gate diodes 
from changing materially during the transition 
period following the application of the shift 
pulse. The shift pulse, which is capacitively 


coupled to the gate diodes, has a maximum rise 
time of 0.4 usec. The integrating network as- 
sociated with the level input of each diode gate 
has a time constant of 1.85 ysec, which is 
sufficient to prevent a significant change in 
level magnitude during the transition time. 


4.3 Circuit Modifications: The basic circuit of 
PC 212 can be modified to allow manual setting 
of individual cells in a logical array, or of entire 
registers or groups of registers. A normally 
closed switch inserted in the emitter of Q2 
permits resetting of the binary by opening the 
switch. Since several emitters can be returned 
to ground through the same switch, this method 
permits resetting of several binaries simultane- 
ously. The binaries can be set by placing the 
switch in the emitter of Q1. 

Individual binaries can be set or reset by using 
a manually-operated, normally-open switch to 
temporarily ground the collector of Q2 or Q1. 
This is feasible because PC 212 can operate 
without damage to the circuit when either 
collector is temporarily grounded. 
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NBS PREFERRED CIRCUIT NO. 213 
MULTIVIBRATOR, MONOSTABLE 


-I8V (NOTE !) -6V -I8V(NOTE 1) 


Unless otherwise stated; Rinohms; C>linjuwf; C<lingef; Lin ph 
Components: 


Cl (igo time delay (usec) 


3.9X 10% 


Maximum power dissipation: R2, R4, R5, R6: <10 mw; R3: 12 mw; R1, R7: 180 mw. 
Limits (these are not tolerances; see note 2): R5: 420%; all other R: +5%. Cl: +5%; 
all other C: 410%. 


Operating characteristics: 
Temperature range: —30° C to +60° C. 
Total time delay (Note 3): 2 usec to 0.1 second. 
Recovery time: Approximately 25% of total time delay. 
Input impedance: One “F” load. (See section 2.3.) 
Input pulse characteristics: 
Polarity: Negative. 
Amplitude: 6 volts +10% referenced to ground. 
Rise time (Note 4): <0.4 usec. 
Width at 50% amplitude: 0.5 usec minimum. 


(Specifications continued on next page) 
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Operating characteristics—Continued 
Switching characteristics with maximum load attached: 


Output Maximum switching time (note 5) 


x Turn-on time (note 6): 0.7 usec. 
Delay time: 0.3 usec. 
Rise time: 0.4 usec. 
Turn-off time (note 7): 8.9x108xC1 ysec+0.1 usec. 
Storage time: 0.1 ysec. 
Fall time: 8.9 x 108 x Cl usec. 


Turn-off time: See section 3.3. 
Storage time: 0.2 usec. 
Rise time: See section 3.3. 
Turn-on time: 1.0 psec (note 8). 
Delay time: 0.5 usec. 
Fall time: 0.5 usec. 


rl 


Maximum output load: 


Output Direct current RC load 
x 4 ma at —6.2 volts +10%__________________---_---------------------___- Not used 
x 3ma.at.— 6:2 volte +:10%- 22525 set cee ee se eee be bee 2 “F” or “G”, 


Power requirements: 
—18 volts +10% at 10 ma 
—6 volts +10% at 10 ma 
+6 volts +10% at 0.25 ma 


Norgs: 

1. The —18 volt supply is obtained by connecting a —12 volt source in series with the —6 
volt supply. (See section 2.4.) 

2. The performance specifications are based on component values which do not deviate from 
the nominal by more than the limits specified. Thus the term “limits” includes the initial tolerance 
plus drifts caused by environmental changes or aging. 

3. The total time delay is a function of R3, C1 and is the time interval between the points 
where the leading edge of the input signal and the trailing edge of the output signal have completed 
10% of their total amplitude change. (See section 3.1.) 

4. Rise time is used in the usual pulse sense to mean the time required for the leading edge of 
the waveform to change from 10% to 90% of its maximum amplitude; fall time is the time required 
for the trailing edge of the waveform to decrease from 90% to 10% of its maximum amplitude. 

5. The maximum switching times were obtained by operating the circuit with the worst com- 
bination of limit transistors, components, supply voltages, and temperature. Two RC loads were 
connected to the X output during these measurements. 


(Notes continued on next page) 
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6. The turn-on time is the time required for the collector voltage to complete the first 90% 
of its total amplitude change when the transistor is turned on. It is measured from the instant 
that the signal applied to the transistor to turn it on completes 10% of its amplitude change, and 
includes the delay time (the time required for the first 10% change in collector voltage) and the rise 
time (the time required for the voltage change from 10% to 90%). 

7. The turn-off time is the time required for the collector voltage to complete the first 90% of 
its total amplitude change when the transistor is turned off. It is measured from the instant that 
the signal applied to the transistor to turn it off completes 10% of its amplitude change, and in- 
cludes the storage time (the time required for the first 10% change in collector voltage) and the 
fall time (the time required for the voltage change from 10% to 90%). 

8. In this case the signal which turns the transistor on is the negative portion of the base 
waveform (fig. 213-4(e)). The fall time is measured, therefore, from the point where the negative 
portion of Q2 base voltage first reaches 10% of its final amplitude. 
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PC 213 MULTIVIBRATOR, MONOSTABLE 


1. APPLICATION 


PC 213 is a monostable multivibrator de- 
signed to perform the delay function in a 
compatible set of digital logic circuits’ for 
use in computer, control, and communications 
equipment operating within the temperature 
limits of —30 and +60° C. Delays between 
2 microseconds and 100 milliseconds can be 
obtained by selection of feedback capacitor 
C1. The timing resistor, R3, may be replaced 
by a variable resistor to provide adjustment of 
the time delay. 


9. DESIGN CONSIDERATIONS 


2.1 Circuit Configuration: PC 213 consists of 
two cross-coupled common-emitter circuits. 
It differs from the bistable multivibrator, PC 
212, mainly in the cross-coupling network 
configuration. PC 213 is stable in only one 
state, because the coupling from the collector 
of Q1 to the base of Q2 is achieved by means 
of a capacitor rather than a parallel RC net- 
work. Connection of the base of Q2 to the 
—6 volt supply through R3 causes Q2 to 
remain on in saturation in the absence of ex- 
ternal signals. As in other circuits of this 
group, the collector of the OFF transistor is 
clamped to —6 volts by diode CR2 or CR4. 

Diode CR1 clips any positive-going noise 
peaks on the —6 volt supply and prevents 
them from feeding through CR2 and coupling 
through C1 into the base of Q2. Since Q2 is 
normally on, a positive pulse at the base might 
turn it off. Hence, CR1 is connected with a 
polarity which discriminates against positive 
pulses, but at the same time does not interfere 
with transistor current flow through the 
collector of Q1. 

Diode CR3, capacitor C2, and resistor R5 
comprise a diode gate similar to the gates used 
in the bistable multivibrator, PC 212. The 
chief difference is the polarity of the diode 
connection in PC 213, which allows a negative- 
going waveform to go through the gate but 
discriminates against positive signals. Resistor 
R4 reduces the loading on the driving circuit 
when transistor Q1 is turned on by the input 


1 See also Preferred Circuits 210 through 216. 
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signal, and also increases the ability of the 
circuit to discriminate against noise. 


2.2 Circuit Operation: In the stable state Q1 
is off, Q2 is in saturation, and Cl is charged 
via CR1 and the emitter-base diode of Q2 to 
a potential of 6 volts. Application of a 
negative-going input voltage drives the base of 
Q1 negative with respect to ground and thus 
causes a current to flow in the base-emitter 
circuit of QJ which will charge the base.?-? 
The time taken to charge the base is quite 
small. At the end of this period, collector 
current begins to flow, and the potential at Q1 
collector rises toward ground. 


As the potential at the collector of Q1 rises, 
it is impressed on the base of Q2 via Cl. 
When Q1 saturates, it clamps one side of Cl 
to ground. Since Cl has had no time to 
discharge, the other side impresses a positive 
voltage with respect to ground on the base of 
Q2. This voltage acts to drive the minority 
carriers out of the base of Q2 and to turn it 
off. Although the +6 volts impressed on the 
base causes Q2 to come out of saturation 
rapidly, the voltage at the collector of Q2 falls 
at a rate primarily determined by the effective 
capacitance of the collector load. The negative 
voltage at the collector of Q2 is applied to the 
base of Q1 and keeps Q1 on until Q2 is turned 
back on by the discharge of C1. 


Q2 is kept off by the potential applied to its 
base, but this potential falls from +6 volts 
toward —6 volts as C1 discharges through R3. 
When the voltage at the base of Q2 goes 
slightly negative with respect to ground, the 
base-emitter circuit of Q2 begins to conduct 
and collector current starts to flow, The 
voltage at the collector of Q2 rises toward 
ground and is applied to the base of Q1, 
turning it off. 

With Q1 off and Q2 on, one side of Cl is 


2R. Beaufoy and J. J. Sparkes, “The Junction 
Transistor as a Charge-Controlled Device,” ATE 
Journal, Vol. 13, No. 4, Oct. 1957, pp 310-327. (Auto- 
matic Telephone and Electric Co., Strowger Works, 
Liverpool 7, England.) 

3 R.S. Ledley, Digital Computer and Control Engineer- 
ing, McGraw-Hill, New York, 1960, pp. 658-667. 
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connected to ground via the base-emitter diode 
of Q2, and the other side is connected to the 
~—18 volt supply through CR1 and Ril. CR2 
is back biased until the negative potential at 
the collector of Qi reaches —6 volts. The 
recovery time of the circuit is a function of the 
time required to charge Cl through Rl. 
Since C1 also controls the time delay, the 
recovery time is related to the delay time and 
is about 25% of the total delay time if R3 is a 
fixed resistor of the value shown. The re- 
covery time must be added to the total delay 
time to determine the maximum operating 
rate of the circuit. At the conclusion of the 
recovery time, Q1 is off, Q2 is on, and the 
circuit has returned to its initial stable state. 
The sequence of these events is shown by 
the waveforms in figure 213-1. The time 
delay generated by PC 213 begins when the 
leading edge of the input pulse reaches 10% 
of its peak amplitude, and ends when the 
trailing edge of the output waveform has 
completed 10% of its change. The waveform 
at the base of Q2 is the basic timing waveform 
determined by the values of R3 and Cl. The 
beginning of this waveform, as well as the 
leading edge of the output voltage waveform, 


INPUT 


1 Ql) DELAY 
te) 
Qi COLLECTOR 
Ss 


Q2 BASE 


fe] 


Q2 ~] 


*——— TOTAL TIME DELAY all 


Figure 213-1.—Operation of time delay multi- 
vibrator. ° 


OUTPUT 
Q2 COLLECTOR 
“5 


‘ For a definition of delay time, see note 6, p. 213-4. 
For a glossary of digital computer terms, see Notes to 
the Preferred Circuits Manual, section 17.5. 

5 See note 8, p. 213-4. 


is delayed from the leading edge of the input 
pulse by the delay time‘ of Ql. The delay 
time of Q2,> which ends after the trailing edge 
of the output waveform has completed 10% 
of its change, also contributes to the total time 
delay. The time required to complete both 
tbe trailing edge of the output waveform (Q2 
collector) and the trailing edge of Q1 collector 
waveform is a function of the loads attached 
to each of these collectors. Although Q1 has 
turned off before the completion of the output 
waveform, its collector voltage falls at a rate 
determined by the time required to recharge 
C1 through R1 and the emitter-base diode of 
Q2. This determines the recovery time of the 
circuit but does not affect the time delay. 


2.3 Input Impedances and Loads: The maxi- 
mum load that can be driven by any of the 
digital circuits is determined by the effect of 
the load on the rise time of the output signal. 
To simplify the loading rules, the input im- 
pedance and maximum load for each circuit of 
the set of digital logic circuits, PC 210 through 
216, are arbitrarily given in terms of “F” and 
“G” loads. The “F” (flip-flop) load is derived 
from the input impedance of the bistable 
multivibrator, PC 212; the “G” (gate) load is 
equivalent to the input impedance of the 
general purpose NOR gate, PC 210. 

The equivalent circuit of each of these loads 
is shown in figure 213-2. The actual load 
impedance may vary somewhat from the 
equivalent circuit describing it. Allowances 
were made for this, however, in formulating the 
output loading rules. The two forms of the 
“F” load represent the two methods of coupling 


560 ERK 
3.3K 


(0) "F" LOAD 


180 
5.62K 
(b) "6G" LOAD 


Figure 213-2.—Equivalent circuits of loads and 
input impedances. 
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into the flip-flop. Because the transistor loads 
the junction of the resistor and capacitor in 
the actual input circuit of the flip-flop, the 
“F” load is a less accurate approximation than 


the “G” load. 


2.4 Power Supplies: The —18 volt supply 
should be obtained by connecting the positive 
side of a 12-volt floating source to the —6 volt 
supply. In this way the clamping diode current 
can be maintained when the transistor is 
biased off without causing reverse current flow 
in the —6 volt supply. If the —18 volts is 
supplied from a separate source and the trans- 
istor is off, the clamping diode current will be 
maintained by a current from the —18 volt 
supply flowing in the reverse direction through 
the —6 volt supply, because the two supplies 
will be connected in series opposition. 

Supply voltages should not deviate more 
than 10% from the nominal values of 6 volts, 
—6 volts, and —18 volts. The noise level on 
the —6 volt supply must not exceed 1.7 volts 
in peak magnitude to prevent spurious trig- 
gering of loads such as bistable multivibrator 
PC 212. 

When PC 213 is used in a system, additional 
filtering of power leads is required to keep 
external and system induced noise to tolerable 


levels. This problem is discussed at length in 
Notes to the Preferred Circuits Manual, 
section 17. 


3. PERFORMANCE 


3.1 Factors Affecting Time Delay Accuracy: 
Three principal sources of error in the total 
delay time are as follows: 

(1) The delay times of the two transistors 
Qi and Q2. The effect of delay time is dis- 
cussed in section 2.2 where it is shown that the 
time interval between the beginning of the 
input pulse and the end of the output waveform 
includes the delay time of the transistors as 
well as the basic time interval determined by 
R3, Cl. 

(2) Variation in the input characteristics of 
Q2. The principal characteristics of Q2 which 
affect the delay are the storage time and Icso 
characteristic. During the storage time of Q2, 
which begins at the same time that C1 begins 
to discharge, a portion of the charge from Cl 
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flows into the base of Q2 to neutralize the 
minority carriers stored there during satura- 
tion. This charge subtracts from the initial 
charge of Cl and shortens the total delay. 
The back resistance of the emitter-base diode 
of Q2 is in parallel with R3 so that Ic¢go current 
flow further shortens the time delay. These 
are the principal sources of error for time delays 
less than 10 usec. They cause a variation in 
the total time delay of from +10% at 2 usec 
to +6 % at 10 usec. In the range from 10 
to 100 usec (where the effect of delay time is 
negligible) the variation is less than 6%. 

(3) Variations in the values of R3 and Cl. 
The actual time delay varies directly with 
variations in R3 and Cl. The variations due 
to the initial tolerance of the components plus 
the changes caused by temperature and time 
add an additional +10% variation to the total 
time delay, under the worst conditions. If R3 
is made adjustable, and C1 is selected to have a 
temperature coefficient opposite that of R3, 
this additional deviation can be held to +2%, 
or less. 


3.2 Input Signal Requirements: As indicated 
by the waveforms in figure 213-1, the initia- 
tion of the timing cycle is non-regenerative. 
The input signal, therefore, must supply 
sufficient charge to turn Q1 on. The combina- 
tions of input-signal width and amplitude 
required for reliable triggering when all com- 
ponents affecting triggering sensitivity are at 
their worst-case limits are shown in figure 
213-3. The 0.5 usec minimum pulse width 
specified on page 213-2 is based on @ minimum 
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Figure 213-3.—Trigger requirements. 
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amplitude of 5.4 volts (6 volts—10%) and on 
the consideration that the effective amplitude 
may be reduced by noise on the —6 volt supply 


3.3 Typical Waveforms: Typical waveforms are 
shown in figure 213-4 (a) through (f) and are 
discussed in the corresponding paragraph below. 
All of the waveforms were made at a sweep speed 
of 1 usec per centimeter. 

(a) Input pulse. A negative 1 usec pulse of 
approximately 6 volts amplitude is applied as 
a trigger. The pulse width must be greater 
than the turn-on time of QI to assure proper 
triggering. 

(b) Voltage at anode of gate diode, CR3. 

(c) Voltage at the base of Qi. Prior to the 
application of the trigger, the base of Q1 is 
maintained slightly positive by the bias supply. 
The base is driven negative by the trigger, 
causing Qi to turn on. When Q1 turns on, it 
causes Q2 to turn off, and the potential from 
the collector of Q2, applied via the voltage 
divider R6, R2 keeps Q1 on. At the completion 
of the cycle, the charge stored in C3 provides a 
current source necessary for fast replacement 
of the minority carriers stored in the base of 
Ql. When Q1 turns off, the discharge of C3 
causes the base to be momentarily driven 
positive. 

(d) Voltage at the collector of Q1. Initially, 
Q1 is biased off, and the collector is clamped at 
—6 volts by diode CR2. When a negative 
pulse is applied to the base of Q1, its collec- 
tor voltage rises with a time constant which 
is a function of the individual transistor. 
The delay between the initiation of the input 
pulse and the rise of Q1 collector voltage adds 
to the total time delay. At the end of the 
cycle, when the voltage at the base of QI 
becomes positive, Q1 begins to turn off. The 
turn-off time is a function of the storage charac- 
teristics of Q1, but does not affect the total 
time delay. The voltage at the output ter- 
minal X is the same as that at the collector of 
Ql except for less than 0.1 volt difference in 
amplitude caused by the voltage drop in 
diode CR1. 
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(b) Voltage at the anode of diode CR3 


(c) Voltage at the base of QI 


(d) Voltage at the collector of QI 
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(e) Voltage at the base of Q2 


(f) Voltage at the collector of Q2 
(Output terminal 


Figure 213-4.—Typical waveforms. 
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(e) Voltage at the base of Q2. Initially Q2 
is on, and the base voltage is clamped at approx- 
imately —0.4 volt by its base-emitter diode. 
When Q1 collector voltage rises, the voltage 
at the base of Q2 follows because of the capacitor 
Cl connecting the two points. The charge 
drawn by the base of Q2 during turn-off partly 
accounts for the attenuation of the peak magni- 
tude of the waveform at the base of Q2 with 
respect to the change in Q1 collector voltage. 
Following the completion of QI turn-on, the 
voltage at the base of Q2 is derived from the 
charged capacitor C1 which now has its negative 
plate clamped to ground by the saturated 
transistor Qi. The base potential of Q2 de- 
creases as Cl discharges from approximately 
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+6 volts toward —6 volts through R3. When 
the potential reaches zero volts, Q2 enters the 
conductive region. From this point on there is 
a definite bend in the waveform caused by the 
decreasing input impedance of the base of Q2. 

(f) Voltage at the collector of Q2. Initially 
Q2 is in saturation, and its collector is about 0.1 
volt negative with respect to ground. The load 
capacitance connected to the collector (two 
“Q” loads in this case) slows the rise of the 
leading edge of the waveform but does not 
affect the total time delay. The delay charac- 
teristics of Q2 do affect the total time delay, 
since it is this delay which determines how 
quickly Q2 will enter the conductive region 
once its base goes negative. 
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NBS PREFERRED CIRCUIT NO. 214 
PULSE SHAPER 


-I8V 
(NOTE |) 


OOUTPUT 


Unless otherwise stated: 
R in ohms; 

Colin M/F; C<lin/f; 
Tey Lin ph 


Components: 
Maximum power dissipation: R1: <<10 mw; R2: 80 mw; R3: 45 mw; R4: 700 mw. 


Limits (these are not tolerances; see note 2): R1,R4: +5%; R2,R3: +20%. AIC: 410%. 
Li: +10%. 
Operating characteristics: 
Temperature range: —30°C to +60°C. 
Input impedance: Two “G” loads. (See section 2.3.) 
Input pulse characteristics: 


Polarity: Negative. 
Minimum amplitude: 6 volts +10% referenced to ground. 


Width at 50% amplitude: 0.8 usec minimum. 
Rise time (Note 3): <1.0 usec. 
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Operating characteristics—Continued 
Output pulse width: 0.8 to 1.4 ysec; nominal 1.0 usec. 
Switching characteristics: 


Signal Maximum no. of loads Maximum switching time (note 4) 


Pulse____------- 4 “F” or “G?__ ee Turn-off time (note 5): 0.7 ysec. 
Storage time: 0.5 ysec. 
Rise time: 0.2 ysec. 


Level__--------- 8 “F” or “G?___-------- Turn-off time: 0.9 usec. 
Storage time: 0.5 ysec. 
Rise time: 0.4 ysec. 


Maximum de load: 15 ma at —6.2 volts +10%. 


Power requirements: 
—18 volts +10% at 45 ma. 
—6 volts +10% at 48 ma. 
+6 volts +10% at 1 ma. 


Norss: 

1. The —18 volt supply is obtained by connecting a —12 volt source in series with the —6 volt 
supply. (See section 2.4.) 

2. The performance specifications are based on component values which do not deviate from 
the nominal by more than the limits specified. Thus the term “limits” includes the initial tolerance 
plus the drifts caused by environmental changes or aging. 

3. Rise time is used in the usual pulse sense to mean the time required for the leading edge 
of the waveform to change from 10% to 90% of its maximum amplitude. 

4, Maximum switching times were obtained by operating the circuit with the worst combina- 
tion of limit transistors, components, supply voltages, and temperature. 

5. The turn-off time is the time required for the collector voltage to complete the first 90% 
of its total amplitude change when the transistor is turned off. It is measured from the instant 
that the signal applied to the transistor to turn it off completes 10% of its amplitude change, and 
includes the storage time (time required for the first 10% change in collector voltage) and the rise 
time (the time required for the voltage change from 10% to 90%). 
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PC 214 PULSE SHAPER 
1, APPLICATION 


PC 214 is a pulse forming and shaping circuit 
designed for use in computer, control, and com- 
munication equipment operating within the 
temperature range of —30 to +60° C.’ It is 
generally used in conjunction with the mono- 
stable multivibrator, PC 213, to form a 1-usec 
pulse at the conclusion of the delay period. It 
is also used to reshape a pulse which has suffered 
deterioration by passage through a long chain 
of gates, or it may be used to produce a I-ysec 
pulse whose leading edge coincides with the 
trailing edge of a positive pulse, thus delaying 
the output by the width of the input pulse. 


2. DESIGN CONSIDERATIONS 


PC 214 consists of two grounded emitter 
amplifiers. The first stage, which employs an 
RL collector load, performs the primary shaping 
function and controls the pulse width. The 
output stage, an overdriven amplifier, serves as 
a buffer-power amplifier, and in addition squares 
off the trailing edge of the output. The output 
pulse width is primarily determined by the 
values of L1 and C1 but is also affected by the 
transistor characteristics, as well as the charac- 
teristics of diode CR1, the resistance of R1, and 
bias voltage changes. Within the temperature 
and component limits for which the circuit is 
designed, the pulse width may vary from a 
minimum of 0.8 usec to a maximum of 1.4 usec. 


2.1 Circuit Operation: In the quiescent state, 
transistor Q1 is biased off by the positive voltage 
at the junction of the voltage divider, R1, CR1. 
The voltage at the collector of Q1 is approxi- 
mately that of the —6 volt supply, since the 
drop through L1 caused by the Icso of Q1 and 
the base current of Q2 is negligible. Transistor 
Q2 is biased on by the potential applied from 
the —6 volt supply via the 2.2K0 resistor, R3. 
C2 is charged to a potential of 6 volts. 

When a negative signal is applied to the 
input terminal of PC 214, it biases CR1 off, 
turns QI on, and causes charging current to 
flow into capacitor C1 via the emitter-base diode 
of Q1. A small current will also flow into C1 


1 See also Preferred Circuits 210 through 216. 
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from the positive 6-volt supply through R1. 
The base of Q1 is heavily overdriven by the 
component of Cl charging current that flows 
through its emitter-base diode, and the transis- 
tor is forced deeply into saturation. 

The voltage at the collector of Q1 rises 
sharply to ground potential as the transistor 
is driven into saturation. Since the collector 
of the saturated transistor is maintained near 
ground potential, the —6 volt supply potential 
is impressed across the load which consists of 
Li and R2 in parallel. If a constant voltage 
is to be maintained across an inductor, however, 
the source must be capable of supplying a con- 
stantly increasing current, since the voltage 
across the inductor is proportional to the rate 
of change of current through it. To maintain 
an essentially constant voltage across L1, there- 
fore, the collector current of the transistor must 
increase at a constant rate. This is possible 
in spite of the decreasing base current, because 
although the base current is decreasing, it is 
more than sufficient to keep the transistor in 
saturation. Under these conditions the col- 
lector current is limited by the impedance of 
the load, and not by the transistor itself. 

After approximately one microsecond the 
collector current has increased so much that the 
base drive is no longer sufficient to keep the 
transistor in saturation. If the collector cur- 
rent were to remain constant from this point 
on, the voltage across the load would drop to 
zero at a rate determined by the time constant 
L1/R2. Actually, the collector current de- 
creases somewhat during this time, so that the 
trailing edge of the pulse at QI collector falls 
more rapidly than would be predicted from the 
time constant of the load circuit alone. When, 
as a result of the decreasing voltage across the 
load, the voltage at Q1 collector reaches approxi- 
mately —6 volts, Q2 turns on. The voltage at 
the collector of Qi continues to change, how- 
ever, because of the discharge of the energy 
stored in Li. 

The waveform at the collector of Q1 is not 
satisfactory as an output, primarily because of 
the negative overshoot at the trailing edge. 
The addition of the second stage, using Q2 as 
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an overdriven amplifier, eliminates the over- 
shoot, provides a low impedance output, and 
isolates the timing elements from the load. 
The base of Q2 is connected to the collector of 
Q1 by resistor R3 and capacitor C2, which is 
initially charged to a potential of 6 volts with 
its positive side grounded through the emitter- 
base diode of Q2. When Q1 is turned on by 
the leading edge of the input signal, the base 
of Q2 is driven positive causing Q2 to turn off 
rapidly. The time constant of the interstage 
network, R3, C2, is long enough to maintain 
the bias on the base and keep Q2 off until Q1 
collector voltage again drops to approximately 
—6 volts. At this time the base of Q2 is driven 
_ negative, turning Q2 on and providing an addi- 
tional discharge path for the remaining energy 


stored in L1. The overdrive caused by the dis- 
charge of Li through the emitter-base diode of 
Q2 decreases Q2 delay time and improves the 
trailing edge of the output pulse. 


2.2 Output Pulse Width: The output pulse 
width of PC 214 may be reduced if the input 
signal does not meet the minimum requirements. 
In addition, the output pulse width may vary 
from 0.8 to 1.4 sec with changes in some of the 
circuit parameters. In general, a decrease in 
Q1 collector current flow, or a decrease in the 
charging rate of the capacitor C1, will widen 
the pulse, and an increase will have the opposite 
effect. Several of the factors which affect the 
pulse width and their effect are listed in table 
214-1. 


TaBLe 214-1.—Factors Affecting Pulse Width 


Physical change Effect 


Reason 


Widen pulse_____- 
Widen pulse______ 


Increase C1__.__.-______ 
Increase R1_____________ 


Decrease +-6 volt 
potential. 
Increase Q1 Beta_________ 


Widen pulse- -____- 


Widen pulse_-___-- 
flow. 
Increase L1___-________- 
Increase the storage char- 
acteristics of Q1. 


Widen pulse______ 
Widen pulse ______ 


Increase the storage char- | Narrow pulse____- 


acteristics of Q2. 


Takes longer to charge Cl. 

Reduces portion of C1 charging current which comes from +6 
volt supply. 

Reduces portion of Cl charging current which comes from bias 
supply. 

Reduces base current needed to sustain given collector current 


Decreases rate of increase of collector current during ON time. 

Widens the output pulse because it has little effect on the leading 
edge, but delays the trailing edge. 
Its turn on is rapid and not significantly affected by the tran- 
sistor storage characteristics. 
trailing edge of the output pulse, is slower, however, and 
depends on the storage time of the transistor. 

Narrows the output pulse because it delays the leading edge but 
has little effect on the trailing edge. 
forms the leading edge of the output pulse, is a function of the 
storage characteristics of the transistor. 
storage characteristics on the turn on of Q2 is minimized by 
the large signal applied to the base to turn the transistor on. 


Q1 is initially biased off. 


Its turn off, which initiates the 


The turn off of Q2, which 


The effect of the 


2.3 Input Impedances and Loads: The maxi- 
mum load that can be driven by any of the 
digital circuits is determined by the effect 
of the load on the rise time of the output signal. 
The input impedance and maximum load for 
each circuit of the set of digital logic circuits, 
PC 210 through PC 216, are arbitrarily given 
in terms of “F” and “GQ” loads to simplify 
the loading rules. The “F” (flip-flop) load is 


derived from the input impedance of the multi- 
vibrator, PC 212; the “G” (gate) load is 
equivalent to the input impedance of the 
general purpose NOR gate, PC 210. 

The equivalent circuit of each of these loads 
is shown in figure 214-1. The actual load 
impedance may vary somewhat from the 
equivalent circuit describing it; however, allow- 
ances were made for this in formulating the 
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output loading rules. The two forms of the 
‘” load represent the two methods of coupling 
into the flip-flop. Because the transistor loads 
the junction of the resistor and capacitor in 
the actual input circuit of the flip-flop, the 
“®” load is a less accurate approximation than 
the “G’’ load. 


(a) "F“ LOAD 


5.62K 
(b) “G" LOAD 


Figure 214-1.—Equivalent circuits of loads and 
input impedances. 


2.4 Power Supplies: The —18 volt supply 
should be obtained by connecting the positive 
side of a 12-volt floating source to the —6 volt 
supply. In this way the clamping diode cur- 
rent can be maintained when the transistor is 
biased off without causing reverse current 
flow in the —6 volt supply. If the —18 volts 
is supplied from a separate source and the 
transistor is off, the clamping diode current 
will be maintained by a current from the —18 
volt supply flowing in the reverse direction 
through the —6 volt supply, because the two 
supplies will be connected in series opposition. 

Supply voltages should not deviate more than 
10% from the nominal values of 6 volts, —6 
volts, and —18 volts. The noise level on the 
—6 volt supply must not exceed 1.7 volts in 
peak magnitude to prevent spurious triggering 
of loads such as bistable multivibrator PC 212. 

When PC 214 is used in a system, additional 
filtering of power leads is required to, keep 
external and system induced noise to tolerable 
levels. This problem is discussed at length 
in Notes to the Preferred Circuits Manual, 
section 17. 


3. PERFORMANCE 


Voltage waveforms at points of interest 
throughout PC 214 are illustrated in figure 
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214-2, a through e, and discussed in the cor- 
responding paragraph below. All of the traces 
were recorded at a sweep speed of 0.5 usec 
per centimeter. The input signal was fur- 
nished by a general purpose NOR gate, PC 
210, used as an inverter; 4 “G” loads formed 
the load on the output of PC 214. 

(a) Input signal: A 4 usec pulse is used for 
the input signal to allow the display of the 
complete pulse forming and shaping cycle of 
PC 214. The break in the leading edge of 
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(a) 4 wsec input pulse 


(b) Voltage at the base of QI 
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(c) Voltage at the collector of Q! 


(d) Voltage at the base of Q2 
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(e) Output voltage 
(Voltage at the collector of Q2) 


Figure 214—2.—Typical waveforms. 
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the waveform occurs when the emitter-base 
diode of Q1 starts to conduct, lowering the 
input impedance of PC 214, and loading the 
signal source. 

(b) Base voltage of Q1: Prior to the appli- 
cation of the input signal, the base is clamped 
at a slight positive voltage by the biasing cir- 
cuit. With the application of the trigger pulse, 
the base voltage falls rapidly at about the 
same rate as the input signal until the base- 
emitter diode starts to conduct. From this 
point on the charging of capacitor C1 gradu- 
ally reduces the base voltage. When the base 
current is no longer sufficient to maintain the 
collector current, Q1 turns off, and the biasing 
circuit restores the base voltage to its original 
condition, 

(c) Voltage at the collector of Ql: The 
heavy drive at the base of Qi rapidly forces 
Q1 into saturation and produces a fast rising 
leading edge on the collector voltage waveform. 
As long as Q1 remains in saturation and the 
base drive is sufficient to maintain an increas- 
ing current through inductor L1, the collector 
voltage remains at approximately ground po- 
tential. When the transistor comes out of sat- 
uration, the collector voltage falls at a rate 
determined by the decreasing collector current 
and by the load, L1, R2. When the voltage 


at QI collector reaches about —6 volts, Q2 
turns on and its base-emitter diode in series 
with the parallel combination of C2 and R3 
furnishes an additional discharge path for the 
energy stored in the inductor. The discharge 
of this energy causes the negative voltage swing 
after Q1 turns off. 

(d) Voltage at the base of Q2: Initially Q2 
is on and its base is approximately at ground 
potential. Q2 base voltage tends to follow the 
rise in Q1 collector voltage when Q1 turns on, 
because the base of Q2 is connected to the col- 
lector of Q1 by resistor R3 and capacitor C2, 
which discharges little during the 1 usec pulse. 
The extent of the discharge of C2 can be 
judged by the reduction in Q2 base voltage 
during the time that Q1 collector is grounded. 
During the trailing edge of the pulse at QI 
collector, the base voltage of Q2 drops to a 
slight negative value and the overshoot on the 
Q1 collector waveform is clipped by the 
base-emitter diode of Q2. - 

(e) Output voltage (voltage at the collector 
of Q2): The overshoot. which appeared at the 
collector of Q1 is eliminated, and the speed of 
the trailing edge of the output waveform is 
improved by the action of Q2. The output 
pulse width is 1 usec. 
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NBS PREFERRED CIRCUIT NO. 915 
PULSE POWER AMPLIFIER 


Unless otherwise stated: ~18V 

R in ohms; (NOTE 1!) ses 
C>lin pf; C<lin pf; R4 

Lin ph 


+6V 


Components: 


Maximum power dissipation: R1,R2,R3,R5: <10 mw; R4: 180 mw. 
Limits (these are not tolerances; see note 2): All R: +5%. AUC: +10%. 
Operating characteristics: 
Temperature range: —30°C to +60°C. 
Input impedance (see section 2.3): 
For 2 transistor amplifier: 2 “G” loads. 
For 3 transistor amplifier: 4 “G” loads. 
Input signal characteristics: 
Level (Note 3): 
Logical “1”: —6.2 volts 10% at 3.1 ma. 
Logical “0”: —0.15 volts. 
Pulse (Note 4): 
Polarity: Positive or negative. 
Amplitude: 6 volts +10%. 
Width at 50% amplitude: 0.8 ywsec minimum; 5 usec maximum. 
Rise time (Note 5): <0.2 usec. 


(Specifications continued on next page) 


215-2 April 1, 1960 


PREFERRED Circurr 215 


215-3 


Navwers 16—1-519 


Operating characteristics—Continued 


Switching characteristics for two- or three-transistor circuit (Note 6): 


Input signal 


Output signal 


Level change from 0 v to —6 v with rise time 
of 0.4 usec. 


Level change from —6 v to 0 v. 
Turn-on time (Note 7): 0.4 wsec max. 
Delay time: 0.2 ywsee max. 
Rise time: 0.2 usec max. 


Level change from —6 v to 0 v with rise time 
of 0.4 usec. 


Level change from 0 v to —6 v. 
Turn-off time (Note 8): 0.7 wsec max. 
Storage time: 0.2 wsec max. 

Rise time: 0.5 psec max. 


Negative-going pulse with rise time of 0.2 
psec. 


Positive-going pulse 

Turn-on time: 0.35 psec max. 
Delay time: 0.15 wsec max. 
Rise time: 0.2 psec max. 


Positive-going pulse with rise time of 0.2 usec. 


Maximum load: (See section 2.3.) 


Negative-going pulse 

Turn-off time: 0.35 wsec max. 
Storage time: 0.15 usec max. 
Rise time: 0.2 usec max. 


Type of output 
Circuit So a Sn 
Direct current Level Positive pulse Negative pulse 
2-transistor amplifier 44 ma at —6.2v +10% | 12 loads “F” or | 12 loads “F” or | 12 loads “F” or 
1 ma at —0.15 v “Gq” “Gq” “q” 
3-transistor amplifier 44 ma at —6.2 v 410% | 40 loads “F’” or | 40 loads “F” or | 12 loads “F” or 
1 ma at —0.15 v “G” «G” “G” 


Power requirements: 


Voltage 


Maximum current 


2-transistor circuit 


3-transistor circuit 


—18 volts +10%- 
—6 volts +10% (note 
+6 volts +10% 
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wea oe oc erm dct oete set ee eee ee ate 10 ma 10 ma 
9) noo eS bose Sele see Ete caie eee eee 50 ma 50 ma 
0. 9 ma 0.9 ma 


(For notes, see next page) 
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Notss: 

1. The —18 volt supply is obtained by connecting a —12 volt source in series with the —6 
volt supply. (See section 2.4.) 

2. The performance specifications are based on component values which do not deviate from 
the nominal by more than the limits specified. Thus the term “limits” includes the initial tolerance 
plus drifts caused by environmental changes or aging. 

3. The minimum duration of a level is 5 ysec. 

4. Positive pulses are referenced to —6.2 volts +10%; negative pulses are referenced to ground 
(actually about —0.15 volt). 

5. Rise time is used in the usual pulse sense to mean the time required for the leading edge of 
the waveform to change from 10% to 90% of its maximum amplitude. 

6. Maximum switching times were obtained by operating the circuit with the worst combina- 
tion of limit transistors, components, supply voltages, and temperature. The load in each case 
was maximum for that type of operation. 

7. The turn-on time is the time required for the collector voltage to complete the first 90% 
of its total change when the transistor is turned on. It is measured from the instant that the signal 
applied to the transistor to turn it on completes 10% of its amplitude change and includes the delay 
time (the time required for the first 10% change in collector voltage) and the rise time (the time 
required for the voltage change from 10% to 90%). 

8. The turn-off time is the time required for the collector voltage to complete the first 90% 
of its total change when the transistor is turned off. It is measured from the instant that the signal 
applied to the transistor to turn it off completes 10% of its amplitude change and includes the 
storage time (time required for the first 10% change in collector voltage) and the rise time (the time 
required for the voltage change from 10% to 90%). 

9. The current specified is maximum for the circuit; actual current requirements vary with 
the load. The —6 volt supply must furnish any external dc load plus 1.2 ma for each RC load used. 
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PC 215 PULSE POWER AMPLIFIER 


1. APPLICATION 


PC 215 is a pulse power amplifier designed 
for use as an auxiliary driving element when 
the load to be driven by PC 210, 211, 212, 213, 
or 214 exceeds the specified maximum for that 
circuit. PC 215 has an input impedance equal 
to 2 “G’’ loads, but is capable of driving 12 
“F” or “G’ loads. The addition of two 
resistors, R2 and R38, a capacitor, C2, and a 
transistor, Q3, increases the input impedance 
of PC 215 to 4 “G” loads, but allows the circuit 
to drive 40 “F” or “G” loads with a positive- 
going output signal. 


2. DESIGN CONSIDERATIONS 


The maximum number of loads that can be 
driven by any of the digital circuits is deter- 
mined by the effect of the load on the rise time 
of the output signal. The rise time of the 
output signal is in turn determined by the 
rapidity with which the load capacitance can 
be charged or discharged, depending on the 
polarity of the desired output signal. PC 215 
is basically a two-transistor circuit consisting 
of a grounded-emitter amplifier driving an 
emitter follower. A second grounded-emitter 
amplifier stage can be added in parallel with 
the first to improve the performance of the 
circuit for positive-going output signals. 


2.1 Circuit Configuration: The grounded- 
emitter amplifier, Q1, serves as a low-impedance 
discharge path for the capacitive portion of 
the load when the output signal is positive 
going, and emitter follower, Q2, is a low- 
impedance discharge path for this same 
capacitance when the output signal is negative 
going. Resistor R3, together with the positive 
6-volt supply, provides the base of QI with 
a positive bias current which prevents Icpo 
multiplication when Q1 is off. When Q1 is 
on, the low impedance path it provides between 
the base and emitter of Q2 keeps the multiplied 
Q2 collector current in the vicinity of I¢xg in 
magnitude. 

When Q1 is off, the rise in its collector voltage 
is limited to approximately —6 volts by the 
clamping action of the internal base-collector 
diode of Q2. Q2 thus replaces the diodes 
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used for clamping in the other circuits of the 
digital set, standardizing output amplitude 
and allowing faster rise times for negative-going 
signals than could be achieved without such 
clamping. 

In the 3-transistor circuit, Q3 furnishes an 
additional discharge path for the load 
capacitance when the signal is positive going. 
It carries more of the discharge current than 
does Q1 because Qi has the added impedance 
of diode CR1 in series with it, while Q3 does 
not; Q3 therefore tends to become hotter than 
Q1 and requires more positive bias current to 
prevent Icgo multiplication. 


2.2 Circuit Operation: PC 215 operates as 
an inverting power amplifier for either pulses 
or levels. When a negative 6-volt potential 
is applied to the input, Q1 is turned on in 
saturation, and the positive-going potential 
at its collector turns Q2 off. During the first 
few tenths of a volt change in Q1 collector 
voltage, diode CR1 remains back biased, keep- 
ing the collector of Qi disconnected from the 
load and allowing fast turn-off of Q2. For 
the remainder of the discharge of the load 
capacitance the diode is in series with QI, 
and the voltage across the load drops to ground 
potential at a rate determined by the imped- 
ance of Q1 and CR1 in series and the capacitive 
component of the load. 

When the input terminal is brought to ground 
potential, Q1 is turned off, and the output 
voltage falls toward —6 volts at a rate deter- 
mined by the impedance of the saturated 
transistor Q2 and the capacitive component of 
the load. Diode CR1 disconnects the collector 
of Q1 from the load, thus allowing the collector 
of Q1 to rise rapidly and cause a fast turn-on 
of Q2. 

The third transistor stage, Q3 and its 
associated components, when added to PC 
215 operates in parallel with Q1. Since Q3 
does not have a diode in series with it, it reduces 
the impedance of the discharge path by more 
than half and therefore increases the circuit 
capabilities by a greater percentage than it 
decreases the input impedance. For negative- 
going outputs the performance ‘is unaffected; 
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when the output is positive going, however, 
the rise time is decreased because of the 
decrease in output impedance under these 
conditions. 


2.3 Input Impedances and Loads: The maxi- 
mum load that can be driven by any of the 
digital circuits is determined by the effect of 
the load on the rise time of the output signal. 
To simplify the loading rules, the input im- 
pedance and maximum load for each circuit 
of the set of digital logic circuits, PC 210 
through PC 216, are arbitrarily given in terms 
of “F” and “G’ loads. The “F” (flip-flop) 
load is derived from the input impedance of 
the bistable multivibrator, PC 212. The “GQ” 
(gate) load is equivalent to the input im- 
pedance of the general purpose NOR gate, 
PC 210. 

The equivalent circuit of each of these 
loads is shown in figure 215-1. The actual 
load impedance may vary somewhat from the 
equivalent circuit describing it. Allowances 
were made for this, however, in formulating 
the output loading rules. The two forms of 
the “F” load represent the two methods of 
coupling into the flip-flop. Because the trans- 
istor loads the junction of the resistor and 
capacitor in the actual input circuit of the 
flip-flop, the “‘F”’ load is a less accurate approx- 
imation than the “G” load. 


560 33K 


(a) "F" LOAD 


180 


5.62K 
(b) "6" LOAD 


Figure 215-1.—Equivalent circuits of loads and 
input impedances. 


2.4 Power Supplies: The —18 volt supply 
should be obtained by connecting the positive 
side of a 12-volt floating source to the —6 volt 
supply. In this way Q1 collector voltage can be 
clamped when the transistor is biased off without 


causing reverse current flow in the —6 volt 
supply. If the —18 volts is supplied from a 
separate source and the transistor is off, the 
clamping current will be maintained by a 
current from the —18 volt supply flowing 
in the reverse direction through the —6 volt 
supply, because the two supplies will be con- 
nected in series opposition. 

Supply voltages should not deviate more 
than 10% from the nominal values of 6 volts, 
—6 volts, and —18 volts. The noise level 
on the —6 volt supply must not exceed 1.7 
volts in peak magnitude to prevent spurious 
triggering of loads such as bistable multi- 
vibrator PC 212. 

When PC 215 is used in a system, additional 
filtering of power leads is required to keep 
external and system induced noise to tolerable 
levels. This problem is discussed at length 
in Notes to the Preferred Circuits Manual, 
section 17. 


3. PERFORMANCE 


Typical operating characteristics of PC 215 
when used as a three-transistor circuit are 
shown in figures 215-2 and 215-3. The effect 
of changing from a three- to a two-transistor 
circuit is illustrated in figures 215-4 and 215-5. 
This change was accomplished by disconnect- 
ing R2 and C2 from the input terminal, thereby 
effectively removing Q3 from the circuit. In 
all of the figures the waveforms were obtained 
at a sweep speed of 0.2 usec per centimeter. 

Figure 215-2 illustrates the effect of loading 
on the output of PC 215 operating with a 
negative input. Trace (a) shows the input 
signal, which remains relatively unaffected by 
the changes in output loading. The change in 
slope of the leading edge (trace (a)) occurs 
when transistors Q1 and Q3 go into saturation 
and sharply increase the load on the input 
source. Trace (b) shows the output voltage 
under light-loading conditions. As shown in 
trace (c), an increase to medium-loading con- 
ditions results in a reduced slope of both 
leading and trailing edges of the output signal. 
Trace (d) shows that under maximum loading 
conditions the leading edge rise time remains 
within the 0.2 usec specification. 
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(a) | sec input pulse 


(b) Output with 4 "G" loads 


5 =e 


(c) Output with 12 "6" loads 


(d) Output with 40 “G" loads 


Figure 215-2.—Typical waveforms for three- 
transistor circuit with negative input. 


Figure 215-3 illustrates the effect of loading 
on the output of PC 215 when the input signal 
is a positive pulse. Here, the input signal was 
furnished by PC 210 used as an inverter. The 
effect of the 4 “G” input impedance of PC 215 
on the gate is evident from the sharp break in 
the trailing edge slope in trace (a). Traces (b), 
(c), and (d) once again show the output wave- 
form for light, medium, and maximum loading. 
Trace (d) shows that 12 ‘G’ loads can be 
driven without the leading edge rise time of the 
output waveform exceeding the 0.2 usec limit. 

In figure 215-4 are shown the input and 
output waveforms for both the two- and three- 
transistor versions of PC 215. The 12 ‘G”’ load 
is the maximum that can be driven by the two- 
transistor version. The advantage of the 
two-transistor version is seen in the faster input 
rise time permitted by the decreased loading on 
the driving source. However, the slope of the 
leading edge of the output waveform is signifi- 
cantly reduced when the third transistor is 
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VOLTS 
5 


ie) 


20) 
~ig LO-% HSeC— B 


(a) |wsec input pulse 


(b) Output with |G" load 


(c) Output with 4 "G6" loads 


-10 L 


(d) Output with 12 "G6" loads 


Figure 215-3.—Typical waveforms for three- 
transistor circuit with positive input. 


rendered inactive, because the leading edge of 
the output waveform is formed by the discharge 
of the load capacitance through transistors Q1 
and Q3 which have been turned on by the 
negative input pulse. Transistor Q3 is the more 
effective discharge path because it is not in 
series with a diode as is Q1, and Q3 is the 
transistor that has been removed in the two- 
transistor version. 

Figure 215-5 is a repetition of the measure~ 
ments illustrated in figure 215-4, but the input 
pulse is now positive rather than negative. 
Note that the slope of the leading edge of the 
output signal is unaffected by the presence or 
absence of Q3 in the circuit. This is to be 
expected, since during the leading edge of a 
negative-going output signal, the load capacity 
is being charged by Q2, while Q1 and Q3 are 
both cut off. Since Q2 is not affected by the 
removal of Q3, the leading edge rise time of 
negative-going output signals is not affected by 
the presence or absence of Q3. 
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VOLTS 


INPUT 
3 5 
o r) 
-5 -5 
=10 “0 
OUTPUT OUTPUT 
(a) Three-transistor circuit with l2 "6" loads (a) Three-transistor circuit with l2"G" loads 
5 1-7 
‘ : 
-5 
0.2 
ig Sone 
INPUT 
5 
0 
5 
-10 
OUTPUT OUTPUT 
(a) Two-transistor circuit with 12 "6" loads (b) Two-transistor circuit with l2"G" loads 


Figure 215-4.—Comparison of the performance of — Figure 215-5.—Comparison of the performance of 
the two- and three-transistor circuits for negative the two- and three-transistor circuits for positive 
input signal. input signals. 
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NBS PREFERRED CIRCUIT NO. 216 
INDICATOR 


NBS PREFERRED CIRCUIT NO. 216 
INDICATOR 


-I8V 


(NOTE 1) 


+6V 


Unless otherwise stated: R inohms 


Components: 

Maximum power dissipation: Rl: 8 mw; R2: 5 mw; R3: 180 mw. 

Limits (these are not tolerances; see note 2): Rl, R2: +5%; R3: +20%. 
Operating characteristics: 

Temperature range: —54° C to 71° C. 

Input impedance: ¥% “F” load. (Note 3) 

Input signal: 

Indicator action 
Logical “0” (ground potential) No light 
Logical “1”? (—6.2 volts +10% at 1.2 ma) Lamp lights 
Power requirements: 
—18 volts +10% at 15 ma. 
+6 volts +10% at 0.16 ma. 
Norss: . : 

1. The indicator and the amplifier may be in different locations. 

2. The performance specifications are based on component values which do not deviate from 
the nominal by more than the limits specified. Thus the term “limits” includes the initial tolerance 
plus drifts caused by environmental changes or aging. 

3. The “F’” load is the input impedance of the flip-flop cireuit, PC 212. 
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PC 216 INDICATOR 
1, APPLICATION 


PC 216 is used as an indicator in the com- 
patible set of digital logic circuits... The circuit 
is designed for a nominal drive of 15 ma at 
10 volts to insure conservative operation of the 
type 344 bulb under limit conditions. It can 
be used to drive electromechanical devices which 
operate within the same power limits, or to drive 
devices with 6 volt ratings, in which case a 
—6 volt source is used for the collector supply. 


1 See also Preferred Circuits 210 through 215. 
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2. DESIGN CONSIDERATIONS 


PC 216 is a common-emitter amplifier de- 
signed to drive a type 344 light bulb which has 
a rating of 18 ma at 12 volts. A positive 
current bias derived from the +6 volt supply 
via resistor R2 prevents Icggo current amplifica- 
tion at temperatures up to 71° C. Resistor R1 
is chosen to insure saturation with low beta 
transistors at temperatures of 0° C and above. 
At lower temperatures Ql may not saturate, 
but the added dissipation in Q1 is no problem 
at low temperatures. Further heating in this 
instance will increase beta and therefore lead to 
saturation and decreased dissipation. 


NBS PREFERRED CIRCUIT NO. 250 
SATURATING BISTABLE MULTIVIBRATOR 


NBS PREFERRED CIRCUIT NO. 250 
SATURATING BISTABLE MULTIVIBRATOR 


+25V 


RIO 
3.6K 


OUTPUT 
B 


OUTPUT 
A 


3 
DIRECT 


Cl C4 
R3 R8 

| @-———-—— — +» —— —-—-—— 4 
PULSE COUNTER PULSE 
SET INPUT RESET 


Unless otherwise stated: Rinohms; C in/Lilf 


Components: 
Ri, R4, R5, R6, R7, R10: +5% limits; R2, R3, R8, RY: +10% limits. All C: +10% 
limits. (See Note 1.) For component values not specified on the schematic diagram of 
PC 250, see table 250-1, page 250-4. 
Operating characteristics: 
Input levels and minimum durations: 
Counter or pulse: 7 volts negative, 3 usec duration at —7 volt level. Direct: +1 ma for 
10 usec, or —4 ma for 5 usec. 
Maximum pulse repetition frequency: 40 ke. 
Delay time: 2 to 5 usec. 
Output levels, both A and B: 18 +3 volts for 10% supply voltage variation. 
Output impedance: 
Positive-going waveform: 2.5KQ. 
Negative-going waveform: Less than 500 Q. 
Power requirements: +25 volts, 10 ma; —6 volts, 0.7 ma. 
Temperature range: —65° C to 125° C with temperature stable resistors and capacitors. 
Note: 
1. The performance specifications are based on component values which do not deviate from 
the nominal by more than the limits specified. Thus the term “limits” includes the initial toler- 
ance plus drifts caused by environmental changes or aging. 
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1. APPLICATION 


PC 250 is a slow-speed, stable, saturating 
multivibrator for use as a counter, shift reg- 
ister, gate, or switch. It provides transitional 
stages between electromechanical readout and 
higher speed nonsaturating bistable counters. 
The design was optimized to accept wide toler- 
ance transistors and should be employed when 
selection is to be avoided. 


2. DESIGN CONSIDERATIONS 


The circuit is triggered by turning off the on 
transistor and allowing the resulting transient 
to regenerate, holding the circuit in the new 
state. In the rest condition the de voltages 
applied to the diode terminals are such that 
the diode associated with the off transistor is 
biased off by approximately 20 volts. The 
diode associated with the on transistor is biased 
off by less than the collector saturation voltage 
of the on transistor, approximately one-half 
volt. A negative pulse with the specified ampli- 
tude will, when applied to the counter input, 
be steered to the base of the on transistor and 
cause a change of state. A positive pulse will 
not be passed by the steering diodes. 

The input circuit must furnish to the base 
circuit of the on transistor a negative pulse of 
sufficient voltage and time duration to drive 
the transistor out of saturation. The required 
voltage and width of the applied pulse are re- 
lated. Experimental measurements show that 
at a given impedance level the product of the 
two is very nearly constant for the minimum 
trigger level. 

Three sets of part values for input connec- 
tions 1 and 4 are listed in table 250-1. When 
PC 250 is driven from a low-impedance pulse 
source, the component values and performance 
specifications of Adaption 1 apply. When PC 
250 is driven from a higher impedance source, 
such as a non-saturating bistable multivibrator 
or a time delay multivibrator, the component 
values and performance specifications of Adap- 
tion 2 apply. When successive stages of PC 250 
are cascaded, the first stage is either Adaption 
1 or Adaption 2, and the successive stages 
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should have the component values specified for 
Adaption 3. Instead of buffer amplifiers being 
used to prevent reaction on prior stages, various 
values are used for the resistors and capacitors 
listed without sacrifice of ultraconservative 
performance. 


2.1 Circuit Operation: The bias circuit permits 
one transistor to conduct in saturation while the 
other transistor is held in the off condition. The 
de circuit elements have been chosen so that 
transistors with low limit values of de current 
gain, dpe, will saturate. Higher gain transistors 
will consequently be driven further into 
saturation. 


In the design of this circuit care was taken to 
use the extreme lower limit value of hyg. This 
value has been found to be approximately 7 for 
the 2N333. 


The output voltage swing is expressed as 
R7 
AV, ~ Vee R7+R10~ Ven(saty2 


where Vec=collector supply voltage and 
Vox san2= collector to emitter saturation voltage. 
From this relationship it is readily determined 
that the output amplitude depends on the tran- 
sistor saturation resistance. This is one of the 
most important advantages of saturating type 
switching circuits. 


2.2 Impedance: Some changes in the circuit 
impedance can be made. Only the relative 
values of the circuit resistances are of impor- 
tance, except that for a fixed supply voltage the 
value of R5 and Ré6 is limited by the I¢ao and 
the Vege characteristics of the transistor, 
rather than by the other circuit elements. It 
is recommended that R5 and R6 not exceed 
20,000 ohms; larger values of the other resist- 
ances may be chosen. 


The resistor values should not be scaled down 
beyond that point where either the collector 
current ratings or the power dissipation of the 
transistors are exceeded. The resistors in 
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TARLE 250-1.—Component values and performance of PC 250 

Input Output Mini- 

Adap- Num- | mum 
tion Signal source Max. R2 R3 Cl Input ber of | circuit 

No, source | R9 R8 C4 |imped.| Max. | Trigger | Rise Fall | set-re- re- 

imped. rep. voltage time time set covery 

rate range (tr) (tf) loads | time 

ohms } ohms } ohms pet ohms ke volts usec sec psec 
240 35 15 2.5 0 320 
| vee! Operation from low impedance F Fi 240 35 25 3.0 2 325 
pulse source_-..._._.---..._____- 500: |. 2 aK 500 1200 1009 1K 26 7-25 40 5.0 5 40 
12.5 7-25 80 7.5 10 80 
Ye Operation from non-saturating . eZ oe : 3 
multivibrator or from either out- 21K] 5.6K 21K: 680 1000} 1.5K 2» 7-25 40 3. 0 5 50 
put of time delay multivibrator. 12.5 80 5.0 10 80 
(ean Cascaded operation of identical ns . os : = 

stages or from either of above 500} 6.6K | 2.2K 680 560 3K 14-25 . 

daptions 25 40 3.0 5 40 
SABDIONS 2 S22ish78c-Seearsecn$ es 12.5 80{ 7.0 10 80 


1 Total of source and isolating resistance is 500 ohms, +10%. 
2 Total of source and isolating resistance is 1000 ohms, +-10%. 
3 With input pulse width of 3-5 usec duration. 


PC 250 may be reduced to approximately 
one-half of the values given without exceeding 
the ratings of the 2N333 up to a case tempera- 
ture of 125° C. However, input circuit Adap- 
tion 2 is not recommended for use with resist- 
ance values lower than those given. Note that 
the saturation resistance of the transistor is not 
affected by this scaling down, so that the output 
impedance for a negative-going signal does 
not change. 


2.3 Transistor Type: The transistor character- 
istics of greatest importance to the circuit oper- 
ation are: (1) collector voltage, power, and 
current ratings; (2) de and high-frequency cur- 
rent gain; (3) base-to-emitter voltage required 
to sustain saturated conduction; (4) collector-to- 
emitter voltage during saturated conduction; 
and (5) maximum Jogo to be encountered. 

The transistor power dissipation is dependent 
on the saturation collector voltage, as well as 
on the saturation collector current. The power 
loss in the transistor is particularly low if 
transistors having a low value of saturation 
resistance are used. 


3. PERFORMANCE 


3.1 Pulse Input: The input circuit may be 
used for either set-reset or counter operation. 


The characteristics required of the input sig- 
nal are dependent on the values of R2, R9, R3, 
R8, Cl, and C4. Values of these components 
have been chosen to provide operation from 
three general types of input, as outlined below 
and in table 250-1. 

(a) Adaption 1 will operate from pulse 
inputs occurring at frequencies up to 40 kc. 
The highest frequency response is obtained 
when the pulse width of the negative-going 
input signal is 3 to 5 usec. Pulse widths less 
than 3 usec do not provide reliable operation, 
while pulses wider than 5 usec do not allow the 
input circuit sufficient recovery time at 40 kc. 

Generally, the duration of the more posi- 
tive portion of the input signal should be a 
minimum of 16 usec. For this circuit, the 
specified value of R3, as well as that of R8, is 
the sum of the source resistance and the physical 
isolating resistance. 

(b) Signal sources for driving Adaption 2 
can be a non-saturating flip-flop or either out- 
put of a time delay multivibrator. In this 
operation, only two set-reset (or one counter 
connection) inputs per source are recommended. 
A typical recovery time of the input circuit is 
approximately 50 usec. 

(c) Adaption 3 is intended for cascaded 
operation. Signal sources for driving Adaption 
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3 can be either Adaption 1, 2, or 3. The 
recovery time of the input circuit is approxi- 
mately 20 psec. 

The minimum input required for reliable 
triggering of the three adaptions is plotted in 
figure 250-1 as a voltage of a given amplitude 
and rise time. The curves for the three adap- 
tions show that for rise times below a certain 
value, dependent on the circuit, each circuit 
requires a minimum amplitude for triggering. 


24v 
Ut pLsec 


NOTE: paTa APPLIES WHEN MAXIMUM 
AMPLITUDE OF TRIGGER VOLTAGE 
IS MAINTAINED FOR 3 jLsec 

OR LONGER 


a 


AMPLITUDE VOLTS (-) 
cy 


fe) 2 4 6 
RISE TIME-JL sec 


Figure 250-1.—Amplitude required for triggering 
vs. rise time. 


The minimum duration of the applied trigger 
pulse, or the rest time after a negative-going 
ramp is applied, should not be less than 3 
usec, although shorter pulses of greater ampli- 
tude will cause triggering. 


3.2 Direct Input: The direct input can be 
used for reset of the transistor by applying to 
the base a negative voltage source that will 
cause a current of 4 ma to ground for 5 usec. 
Alternatively, a positive pulse from a source 
that will cause a current of 1 ma for 10 usec 
may be used. The positive voltage resets the 
opposite transitor to the “off” condition. 

The direct connection can also be used for 
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the insertion of blocking pulses from a subse- 
quent counter stage to provide other than 
binary counting operation, as illustrated in 
figure 250-2. 


Figure 250-2.—Four stages of PC 250 connected 


for operation as a decade counter. 


3.3 Output: The two outputs are comple- 
mentary voltages of either 1 or 19 volts. The 
maximum circuit switching time is 2 to 5 usec. 

Figure 250-3 shows the output waveform. 
The irregularity on the more positive portion 
of the waveform is caused by the recovery of 
the input circuit from a positive-going input. 
Usually the spike is absorbed in the rise time 
of Adaption 1. In Adaptions 2 and 3 the 
height of the spike does not exceed 2 volts. 

The rise and fall times of the outputs, which 
are dependent on the loading, are tabulated in 
table 250-1 for various combinations. 


3.4 Cascaded Operation: Stages may be direct- 
ly cascaded by connecting the inputs to the 
oulput of a previous stage. The number of 
inputs that can be connected depends on the 
input circuit used and the repetition rate 
desired. 

The fundamental limit on the degree of load- 
ing permissible is the deterioration of the 
output fall time under load to the point that 
triggering voltages consistent with figure 250-1 
are not obtained. The limit imposed by this 
consideration is 10 set-reset loads, or 5 counter 
stages, per either or both outputs. The speed- 
up capacitor C2 or C3 connected to the collector 
of the loaded side of the flip-flop should be 
increased by about 200 usf for each set-reset 
input connected to the output. 

Another consideration when the stages are 
cascaded is the deterioration of the output rise 
time under load. First, a deteriorated output 
rise time may not drive the opposite transistor 
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1-3 pLsec 


Ph cilia 


—5 pLSec 


tr 
20 psec 


Figure 250-3.—Output waveform. 


12,500 psec 


into saturation under some conditions; second, 
the time required for the output voltage to 
increase to its full “off’’ value exceeds the 
input pulse duration. 

The increase in rise time restricts the upper 
limit on the circuit frequency response, as 
shown in table 250-1. The loads are always 
assumed to be Adaption 3. 

A method of connecting four flip-flop stages 
for decade counter operation is shown in figure 


PULSE COUNTER PULSE 
SET INPUT RESET 


Figure 250-4.—Modification of PC 250 for use in 


shift registers. 


250-2. This circuit has an asymmetrical out- 
put at terminal A of the fourth stage, a positive 
pulse of 20% duty cycle. The outputs have 
the same general characteristics as the binary 
circuit. 

The saturating bistable multivibrator may 
be modified as shown in figure 250-4 to allow 
its use in a shift register. One method of inter- 
connection is shown in figure 250-5. 


Figure 250-5.—Interconnection of modified PC 250 


for shift registers. 
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NBS PREFERRED CIRCUIT NO. 251 
RELAY CONTROL SATURATING MULTIVIBRATOR 


+25V + |50V 


OUTPUT 


1500 -25V 1500 
R4 R8 
2.2K 2.2K 
SET INPUT RESET INPUT 
(RELAY DE-ENERGIZED) (RELAY ENERGIZED) 


Unless otherwise stated: Rin ohms, C injiyf 


Components: R2 and R10: +5% limits; all other R: +10% limits. All C: +20% limits. 


(Note 1.) 
Operating characteristics: 

Input: 20 volt negative-going waveform or pulse with 10 usec maximum rise time and minimum 

duration at —20 volt level of 3 usec. 
Input impedance: 2.5KQ, or 4000 with R4 and R8 omitted. 
Outputs: Relay K1 energized by 8 ma (on); de-energized by 0.5 ma (off). 
Voltage output: 30 +6 volts. 

Relay characteristics: Winding resistance of 2.7KQ +10% and power requirement of 100 mw or less. 
Power requirement: 1.5 watts total. 
Temperature range: —65° C to 125° C. 


Note: 
1. The performance specifications are based on component values which do not deviate from 


the nominal by more than the limits specified. Thus the term “limits” includes the initial tolerance 
plus drifts caused by environmental changes or aging. 
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PC 251 
1. APPLICATION 


PC 251 is intended for on-off control of elec- 
tromechanical devices such as relays where the 
current ratio must be 10 between the on and 
off condition. The rate usually is limited by 
the control device response time. If desired, 
the control current can be reversed in direc- 
tion between the on-off states. 


2. DESIGN CONSIDERATIONS 


This circuit is a modification of the saturat- 
ing multivibrator PC 250. The diode CR2 
and resistors R2, R3 are added to isolate the 
load K1 when Q1 is off. If the values of the 
resistors are chosen within the proper limits, 
the off current through the relay is the sum of 
the leakage currents through Ql and CR2, 
or less than 0.5 ma at 125°C. This provides 
a relay current ratio from on to off of at least 
15. For comparison, PC 250 using 2N333 
transistors has an on-off ratio of less than 5 for 
the load currents. The modifications provide 
an improvement of three times in the current 
resolution. 


2.1 Circuit Operation: The circuit operation is 
that of an ordinary transistor Eccles-Jordan, 
except that the current drive to hold Q2 in the 
on state is furnished through R2 and R3 
rather than through Q1 collector load. Diode 
CR2 is nonconducting. 

The collector power dissipation limit and the 
high saturation resistance of the 2N333 require 
that the collector current not exceed approxi- 
mately 11 ma for operation to 125°C. Collec- 
tor resistors of lower value than that shown will 
cause the collector currents to exceed this limit 
and will reduce the temperature range accord- 
ingly. An increase of impedances would be 
desirable to decrease dissipation, but the relay 
coil resistance would have to be increased. 


2.2 Transistor Type: The high forward resist- 
ance of grown junction silicon transistors is in- 
compatible with subminiature relays. The 
circuit power efficiency falls off sharply as the 
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current is increased above a few milliamperes. 
Small relays usually require from 5 to 15 ma 
at a low voltage. The 2N333 was specified 
as a moderately priced unit in large quantity 
use. A diffused junction transistor such as the 
2N550 has a lower resistance and higher dissi- 
pation rating but is more expensive. Lower 
circuit impedance could be achieved with 
transistors similar to the 2N550 with a result- 
ing improvement in circuit power efficiency 
because of the lower permissible collector and 
base supply voltages. 


2.3 Relay Type: The relay or other electro- 
mechanical device under control must have the 
characteristic of being energized by 8 ma coil 
current and being de-energized when the current 
drops to 0.5 ma. This specification is based 
on the de load presented to the multivibrator 
and the power furnished to the relay winding. 
The inductance of the coil is unimportant, even 
though the rise and fall times are somewhat 
increased. The speed of response depends only 
on the relay response time. 

The maximum power dissipation rating of the 
coil should be not less than 250 milliwatts. 


3. PERFORMANCE 


3.1 Trigger Input: The input signal required 
for triggering is approximately the same as that 
for PC 250, the simple saturating multivibrator. 
Since a high repetition frequency is not a major 
consideration, the coupling capacitors C2 and 
C4 have been increased. 

A trigger of 14 volts with a rise time of 10 
usec is usually adequate, but with high hpg 
transistors at the high limit temperature, a 
level of about 20 volts provides more dependable 
operation. The input circuit should be allowed 
at least 5 milliseconds to recover from a 
positive signal before the next trigger is applied. 

If the source impedance is low enough, R4 
and R8 may be omitted. The input impedance 
is then approximately 400 ohms. Capacitors 
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C2 and C4 should be increased to 4700 yuf to 
maintain the proper trigger pulse duration at 
the base of the transistor. 

3.2 Voltage Output: A voltage output in phase 


with the relay closing may be taken from the 
collector of Q2. The level will be 30 volts, and 
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a 10%variation in the 150-volt supply and the 
variability of transistors and resistors will cause 
a variation of about 6 volts. The source 
impedance at this output is 5KQ for the positive 
excursion and is the saturation resistance of Q2 
for the negative excursion. 
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+25V 


C4 
OUTPUT 
i 


Unless otherwise stated: Rin ohms; C>l injyf; C<linuf, Lin wh 


(For specifications, see next page) 
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Components: 


R1: 


C2: 


C3: 
C4: 


Zl: 


22: 


Variable from 10K to 100KQ for continuously variable gate; 30KQ to 100KQ for fine 
control on step-switched gate. Linearity <0.2%. (Note 1) 
Select for desired gate width (see table 252-1) and for temperature compensation (see 
figure 252-3). 
See section 2.2 of text. 
Select for desired maximum percentage droop of output gate. 

100 Tmax 
C4 > RP” 

mum percentage droop desired. 

5.1 volts +5% at 5 ma; temperature coefficient ~ —.015%/°C; dissipation=5 mw at 
125° C. 
6.2 volts +5% at 5 ma; temperature coefficient ~+.02%/°C; dissipation=50 mw at 
125° C. 


where Tinax=Maximum gate width, R,p=load resistance, and P=maxi- 


Approximate power dissipation: R2, R3, R7, R8, R9, R11: <0.01 watt; R13: 0.01 watt; 


R1, R10: 0.02 watt; R4, R12: 0.05 watt; R5: 0.06 watt; R6: 0.1 watt; R14: 0.2 watt. 


Limits (these are not tolerances; see note 2 below): R1, R2, R5, R6, R7, R8, R10, Ril, R13: 


+1%; R4: +2%; R12: +5%; R3, RY, R14: +10%. C2: See section 2.4 of text; C3: 
+5%; Cl, C4: +20%. 


Operating characteristics: 
Temperature range: —55° C to +125° C. 
Input signal: 


Polarity: Negative 

Amplitude: 10-20 volts. 

Repetition rate: Limited by circuit recovery time. (See below.) 

Wave front slope: >10 volts/psec. 

Pulse duration: 1 psec to 0.5T in, Where Tam=Minimum gate width to be generated. 


Output gate: 


Polarity: Negative 
Amplitude: 12.5 volts. (Note 3) 
Width: 10-10,000 usec continuously variable by R1 in 10 to 1 segments selected by C2. 
Accuracy and linearity: Accurate to +2% over the temperature range; linear to +1%; 
over-all accuracy and linearity= +3%. 
Rise time: 1.0 ysec (longest). (Note 4) 
Fall time: 2.0 usec (longest). (Note 4) 
Maximum jitter: 0.1% of gate width. 
Loading: 8KQ (min.). 
220 wuf (max.). 


Recovery time: <0.85 Tax Where Tnax=gate width generated when R1=100K. 
Delay: 0.1 to 0.3 usec. (Start of trigger to start of output.) 
Power requirements: 25 volts +1% at 24 ma. 


Notes: 


1. Gate widths may be step-switched by C2 with R1 acting as a fine control. 

2. In this circuit the initial tolerance of all resistors need only be +10%; however, drifts 
due to environmental changes or aging must be held to the percentage specified. 

3. The maximum variation in output amplitude is +3% plus the percentage change in supply 
voltage. The output amplitude may vary +3% over the temperature range; variations in the 
supply voltage will cause an equal percentage variation in output amplitude. 

4. Rise and fall times may be reduced 50% by using a 2N697 in place of the 2N656. 
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1. APPLICATION 


PC 252 generates a rectangular waveform, 
commonly referred to as a “‘gate’’, whose dura- 
tion is relatively independent of temperature 
effects and directly proportional to the setting 
of a linear potentiometer. Such a circuit is 
frequently used in radar equipment to produce 
movable markers for display. If desired, the 
gate may be step-switched by capacitor C2, 
with the potentiometer acting as a fine control. 


2. DESIGN CONSIDERATIONS 


A variable rectangular waveform may be 
generated by either of two basic circuits, the 
phantastron or the monostable multivibrator. 
PC 252 is similar to the cathode-coupled version 
of the latter circuit. Because transistors are 
sensitive to temperature and operating point 
changes, certain complexities must be added to 
the basic circuit in order to obtain a gate con- 
tinuously variable over a 10 to 1 range and 
stabilized against temperature changes. These 
additions are as follows: a breakdown diode, Z1, 
in combination with a rectifier diode, CR3, to 
prevent saturation of the normally ON tran- 
sistor, Q1; a breakdown diode, Z2, in combina- 
tion with two clamping diodes, CR4 and CR5, 
to stabilize both the output voltage and the 
voltage applied across the timing capacitor, C2, 
against temperature changes; a rectifier diode, 
CR1, to prevent excess reverse bias from being 
applied to the base-emitter junction of Q1; and 
an emitter-follower output to reduce loading 
effects on the gate width. 


2.1 Circuit Operation: In the rest state, Q1 is 
held on by base current flow through R1, R2, 
Zi, and CR1, while Q2 is biased off by an 
emitter voltage which is larger than its base 
voltage. Diode CR4 is conducting, holding the 
Q2 collector to approximately 18 volts, a level 
determined by the divider consisting of R5, R6, 
and Z2. 

The circuit is triggered by a negative-going 
wave front at the base of the ON transistor QI, 
turning it off. The resulting regeneration 
through Q2 cuts off the base current of Q1 and 
completes the switching action. Diode CR1 
prevents the negative voltage that occurs at 
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the junction Z1, R9 immediately after switching 
(fig. 252-1) from being applied to the base of 
Q1 and exceeding the emitter-to-base reverse 
breakdown voltage of that transistor. Posi- 
tive-going input wave fronts are rejected by 
steering diode CR2. During switching, resistor 
R9 prevents the emitter follower, Q3, from 
loading the trigger source through CR1 and C2. 


> 


(a) INPUT 


(c) OUTPUT 


Figure 252-1.—Typical waveforms PC 252. 


After switching, the circuit is in a quasi- 
stable state with Q1 off, Q2 on, and diode CR5 
conducting, holding Q2 collector voltage to 
approximately the breakdown voltage of Z2. 
During this time, capacitor C2 discharges through 
Rl, R2, Z1, R9, and R14, causing the voltage 
at the junction of Z1 and R9 to rise in an 
exponential curve (fig. 252-1) until CR1 begins 
to conduct, supplying base current to Ql, and 
ending the quasi-stable state. The discharge 
of C2, adjustable by R1, produces the timing 
waveform which controls the gate width. For 
adjustment to be linear over a 10 to 1 range, 
resistors R2, R9, and R14 must be small 
relative to the minimum value of R1. 
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Due to emitter-follower action, the de output 
voltage follows the Q2 collector at all times. 
The output voltage is well stabilized against 
changes in temperature, since the upper and 
lower limits of its swing are clamped by diodes 
CR4 and CR5 respectively. Even more impor- 
tant, the change in voltage applied across C2, 
which affects the timing waveform and gate 
width, is also clamped and is therefore tem- 
perature stable. 

Emitter follower Q3 improves circuit 
operation by decreasing the effect of output 
loading on gate width, and by allowing a 
quick recharge of C2 after the end of the gate, 
thus decreasing the recovery time of the circuit. 
For low output impedance and linear adjust- 
ment of gate width by R1, emitter resistor R14 
must be small, thereby increasing the power 
dissipation requirements of Q3. The 2N656 or 
the 2N697 must be used if the circuit is required 
to operate over the entire high-temperature 
range. The 2N337 may be used if the operating 
temperature is limited to a range of 5°C to 
40°C. 


2.2 Gate Width Range and Adjustment: The 
value of capacitor C2 is chosen for the range of 
gate widths desired. Table 252-1 gives the 
approximate values required to obtain gate 
widths of 10-100 usec, 100 usec-1 msec, or 
1-10 msec. Capacitor C3 should equal ap- 
proximately 10% of C2 to allow precise cali- 
bration of R1 (see section 2.3) for any set of 
circuit component values within the specified 
limits. However, for a particular set of com- 
ponents, an approximate value for C3 may be 
determined experimentally and a fixed capacitor 
inserted. A variable capacitor only 1% the 
value of C2 may then be-used for calibration 
of Ri. 


TaBLE 252-1.—Approximate value of C2 for desired 


gate width 
Gate width* Rl C2 
usec Q uf 
10-100_-.-___-.-__- 10K-100K______-__- 0016 
100-1000. __.____._- 10K-100K__________ 016 
1000-10,000_________ 10K-100K___.__.___ 0. 16 


*Gate width ~ 0.6 R1 C2 when R1 > 30K 


A potentiometer control of C2 discharge 
time provides the continuous adjustment of 
gate width. For a linear adjustment over a 
wide range, the timing potentiometer, R1, must 
be placed in the base circuit of Q1, since at- 
tempting to isolate it from the de circuit of 
the transistor base would introduce shunting 
resistance, reducing the range of adjustment of 
the potentiometer and destroying its linearity. 
The necessary location of the timing adjust- 
ment in the dc base circuit, however, results in 
a wide range of base currents to the normally 
ON transistor. If it were not for breadkdown 
diode Z1, the lower values of timing resistance 
would result in large base currents and satura- 
tion of the transistor. Under these conditions, 
the charge stored in the base region would 
prevent the transistor from turning off quickly 
and would require trigger voltages much too 
large for correct triggering under non-saturated 
conditions, i. e., when higher values of timing 
resistance are used. The discrepancy would 
be magnified by changes in transistor beta with 
temperature. 

Although saturation occurs when the collec- 
tor-base junction is biased in the forward direc- 
tion, the voltage drop in the bulk resistance of 
the 2N337 collector under these conditions is 
large enough to result in a reverse bias being 
measured between the collector and base ter- 
minals. Breakdown diode Z1 in combination 
with diode CR3 prevents saturation by holding 
the collector-to-base voltage, Vos, to a value 
greater than the aforesaid voltage drop, in this 
case approximately 1 volt under worst condi- 
tions. For Q1, Vcx may be represented as 


Vos aes Vers os Va + Veri 


where the voltage drops are in the conventional 
current forward direction. Typically Vcos= 
—0.5+4.0+0.5=4.0 volts. 


2.3 Calibration of Gate Width Adjustment: In 
most applications, potentiometer R1 will be 
calibrated so that gate width may be read 
directly from the potentiometer dial in terms of 
units appropriate to a particular application. 
The calibration is accomplished for any set of 
circuit component values within the specified 
limits by adjustment of R2 and C3. 
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The percentage change in gate width with 
variation of C3 is constant over the entire range 
of R1, while the percentage change with varia- 
tion of R2 is largest at low values of Ri. C3 is 
set so that the dial tracks near the high end of 
the range of R1; R2 is set to compensate for 
the reduction in the voltage change applied to 
the junction of Z1,R9 (see fig. 252-1) as the 
resistance of Rl isreduced. C3 and R2 should 
be adjusted to obtain the best independent 
linearity! for the particular transistors and 
breakdown diodes in the circuit. 

The procedure is first to set R2 at the center 
of its range and R1 at a large value, adjusting 
C3 for the desired dial reading. Then set R1 
near its minimum value of 10KQ, and adjust 
R2 for the desired dial reading. Repeat the 
above procedure until interaction between the 
two adjustments is eliminated, remembering to 
adjust for minimum error over the entire range. 
This may necessitate checking a few inter- 
mediate settings of R1. If replacement of a 
transistor or breakdown diode is necessary, the 
calibration should be rechecked. Figure 252-2 
is a typical curve showing the independent 
linearity of the gate width adjustment. 


2.4 Temperature Compensation and Selection of 
C2: An important consideration when choosing 
C2 is its percent change with temperature over 
the complete temperature range of —55° C to 
+125° C. PC 252 is designed. so that normal 
changes in C2 capacitance with temperature 
will compensate for temperature changes in the 
remainder of the circuit. In a typical circuit, 
for exact temperature compensation of gate 
width, C2 should have a temperature character- 
istic similar to that shown in figure 252-3. 
Stated another way, a typical PC 252 circuit 
with C2 unaffected by temperature would have 
a percentage change in gate width vs. tempera- 
ture curve exactly like the curve of figure 252-3, 


1 Independent linearity is the deviation when the 
slope and position of the straight line representing 
desired output versus shaft rotation may be chosen to 
make the deviation a minimum. This is the deviation 
from the “best fit’ straight line as opposed for instance 
to using the straight line determined by the zero and 
100% points. See J. F. Blackburn, Components 
Handbook, Rad. Lab. Series, Vol. 17, McGraw-Hill 
N.Y., 1949, pp. 266, 267. 
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Figure 252-2.—Independent linearity of gate 
width adjustment. 


except that the ordinate scale would be in- 
verted. Adding to this the percent changes of 
C2 with temperature would give an over-all 
circuit in which the gate width does not vary 
at all with temperature. 

It should be noted that the solid curve of 
figure 252-3 is typical. The curve for exact 
compensation may vary +2% from that shown 
(dotted curves). Exact temperature compen- 
sation could be obtained by matching C2 to 
the remainder of the circuit, but this is seldom 
possible. 


PERFORMANCE 


3.1 Output Gate: PC 252 generates a rectan- 
gular waveform (gate), 12.5 volts in amplitude, 
which may be varied linearly by a potentiom- 
eter over a 10 to 1 range. Longest rise and 
fall times of the gate are 1.0 usec and 2.0 usec, 
respectively. Independent linearity ? over the 
temperature range is +3% or better. 


2 Ibid. 
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LEGEND / 


+7 ——— Typical / 
--—-- Limit / 


PERCENT CHANGE OF C2 FROM VALUE AT 25°C 


+40 +60 +80 +100 +120 +140 


6 
~60 -40 -20 0 +20 
TEMPERATURE °C 


Figure 252-3.—Temperature characteristic of C2 
required to compensate for temperature changes 
in remainder of circuit. 


Independent linearity of the gate width ad- 
justment at 25° C is better than +1% over a 
10 to 1 continuous adjustment range (fig. 
252-2) and better than 0.3% over a 3.3 to 1 
adjustment range, i.e., R1 variation from 30KQ 
to 100KQ. Over the —55° C to 125° C tem- 
perature range, the output gate width, whether 
step-switched or continuously variable, is accu- 
rate within +2% of its value at 25° C. Re- 
ducing the maximum temperature excursion to 
+100° C will increase gate width accuracy to 
+1.5%. Independent linearity over the tem- 


perature range is obtained by adding the +1% 
linearity at 25° C to the +2% maximum vari- 
ation with temperature. Percentage changes 
in supply voltage are reduced by a factor of 10 
in their percentage effect on gate width. 

The voltage amplitude of the output gate at 
25° C is approximately 12.5 volts, depending 
upon the exact value of Z2 breakdown voltage. 
Once determined for a particular circuit, the 
amplitude is accurate to +3% over the tem- 
perature range. Percentage variation in sup- 
ply voltage causes an equal percentage variation 
in the output gate amplitude. 

Rise and fall times of the output gate may 
be reduced 50% by using a 2N697 in place of 
the 2N656 in the emitter follower stage, Q3. 
Both rise and fall times are longest at the low 
temperature extreme, —55° C. 

Circuit recovery time varies with the value 
of timing capacitor C2. Expressed as a func- 
tion of gate width, the recovery time is less 
than 0.85 Tmax, where Tax is the maximum gate 
width which may be generated (R1=100K) 
with any particular value of C2. 

Resistive loading of the output is limited to 
8KQ or more over the range of R1 from 10KQ 
to 100KQ. Loading down to 5KQ is possible 
when the minimum setting of R1 is 30KQ. 
Capacitive loading up to 500 upf will have little 
effect on gate fall time, but 220 wuf is maximum 
to preserve the 1.0 usec rise time limit indicated 
on the circuit sheet, p. 252-3. 


3.2 Input: Any input variations within the 
limits specified on page 252-3 will have negli- 
gible effect (less than 0.1%) on the output gate 
width. The output gate width is sensitive to 
a@ positive-going wave front which occurs at 
or near the end of the gate. For this reason 
the maximum trigger duration is limited to less 
than 50% of the gate width. 
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Components: 
Zl, Z2: 4.3 volts +10% at 5 ma. 
Approximate power dissipation: R1, R2, R8, R9, R10: <0.01 watt; R4, R5: 0.02 watt; 
R6: 0.05 watt; R3, R7: 0.15 watt. 
Limits (these are not tolerances; see note 2 below): R3, R4, R5, R6, R7: +10%; R1, R2, R8, 
R9, R10; 420%. C1, C2, C3, C5: 410%; C4: +20%. 
Operating characteristics: 
Temperature range: —55° C to +125° C. 
Maximum operating rate: 1 me. 
Input signal: 
Polarity: Negative. 
Amplitude: 12-20 volts. 
Rise time: 0.4 wsec (max.) for 1 mc operation. (Note 3) 
Fall time: .04 to 0.4 usec for 1 mc operation. (Note 3) 
Input impedance: 110 uyf. 
Output amplitude: 16 volts. (Note 4) 
Delay: 0.2 usec (max.). (Start of trigger to start of output.) 
Loading: 
Input: 1000 puf (max.). 
Output: 220 yf total both outputs, 1 mc operation. 
440 pyf total both outputs, 500 kc operation. 
Power requirements: 25 volts +5% at 10 ma. 


Norss: 

1. If the input signal has a fall time shorter than 0.3 usec, the input diode CR5 and resistor 
R10 must be included to prevent false triggering by the trailing edge of the trigger. For fall times 
between 0.15 and 0.3 usec, a 4702 resistor is satisfactory. If the fall time is less than 0.15 usec, a 
1KQ resistor should be used. The input diode and resistor need not be added between cascaded 
stages. 

2. The performance specifications are based on component values which do not deviate from 
the nominal by more than the limits specified. Thus the term “limits” includes the initial tolerance 
plus drifts caused by environmental changes or aging. 

3. For 500 ke operation, the maximum rise time is 0.6 wsec. Maximum fall time is limited 
only by the repetition rate. 

4, The maximum variation in output amplitude is +1% plus the percentage change in supply 
voltage. The output amplitude may vary +1% over the temperature range; variation in the 
supply voltage will cause an equal percentage variation in output amplitude. 


April 1, 1960 


PREFERRED Circurr 253 


253-5 


Navweprs 16-1-519 
PC 253 BISTABLE NON-SATURATING MULTIVIBRATOR 


1. APPLICATION 


PC 253 is a bistable counting multivibrator 
which is used for frequency division of pulse 
trains when high stability is required. Cascade 
connection with appropriate feedback can pro- 
vide any desired ratio. Among other uses of 
PC 253 are coding, gating, and synchronizing. 


9. DESIGN CONSIDERATIONS 


Achievement of high counting rates with 
grown junction silicon transistors requires that 
the collector current saturation region be 
avoided, since when saturation occurs, the 
charge stored in the base region increases the 
trigger voltage requirement and prevents the 
transistor from turning off quickly. Satura- 
tion is avoided in PC 253 by using breakdown 
diodes to prevent the collector junction from 
becoming forward biased. This is believed to 
be one of the best of the several methods avail- 
able in that it does not require several low 
impedance supply voltages or selection of tran- 
sistors. In addition, the output voltage is 
highly stabilized against changes as the tem- 
perature varies. 

Saturation does occur in PC 253 if the break- 
down diodes Z1 and Z2 are removed, even 
though, under these conditions, a back voltage 
of 0.9 volts is measured between collector and 
base of the ON transistor. This voltage, meas- 
ured at the transistor terminals, does not 
indicate the actual condition at the collector 
junction. In the 2N337 it was found that the 
voltage drop across the bulk resistance of the 
collector material is sufficient to cause a back 
voltage to be measured at the transistor termi- 
nals even when the collector junction is forward 
biased. If saturation is to be prevented, there- 
fore, the collector-to-base voltage must be 
clamped high enough to allow for this added 
voltage drop in the collector circuit. 


21 Switching and Steering: The operation of 
PC 253 is conventional except for the break- 
down diodes, Z1 and Z2, which prevent the 
collector-to-base voltage of the conducting 
transistor from entering the saturation region. 
The circuit is triggered by a negative-going 
wave front at the base of the ON transistor. 
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Positive-going wave fronts are rejected and the 
negative-going wave fronts directed to the 
correct stage by steering diodes CR2 and CR4. 
When the circuit is in the quiescent condition, 
the de voltages applied to these diodes through 
R1 and R9 are such that the diode associated 
with the OFF transistor (CR2, figure 253-1) is 
biased off by approximately 18 volts, while the 
diode associated with the transistor to be 
switched (CR4, figure 253-1) is biased in the 
forward direction. Clamping diodes CR1 and 
CR3 provide low resistance paths for the 
discharge of capacitors C1 and C65 after a 
positive-going wavefront or after the trailing 
edge of a negative trigger. Input resistor R10 
is added to slow the rise of positive-going wave 
fronts, since these are coupled, through the 
clamping diode associated with the ON tran- 
sistor, to the base of the OFF transistor and 
may cause false triggering. Diode CR5 by- 
passes R10 for negative-going wave fronts so 
that the rise time of the desired trigger is 
unaffected. The diode and resistor need not 
be included if the rise of positive-going wave 
fronts is longer than 0.3 usec. 


2.2 Static Conditions: The de voltages (figure 
253-1) are such that all three diodes associated 
with the ON transistor are conducting. Diodes 
CR3 and CR4 conduct in the forward direction, 
and breakdown diode Z2 conducts in the reverse 
direction. Collector-to-base voltage, Vos, of 
the ON transistor may thus be represented as 


Ves= oa Vors— Veri— Vaz 


where all voltage drops are in the conven- 
tional current forward direction. Typically 
Ves= —0.5—-0.5+3.2=2.2 volts. Variation in 
this value with temperature is small due to the 
canceling effect of the voltage drops, i.e., all 
three diodes have negative temperature coeffi- 
cients, but the breakdown diode contributes a 
positive voltage drop while the other two diodes 
contribute negative voltage drops. 

Typical potentials associated with the ON 
transistor over the temperature range are given 
in Table 253-1. Collector-to-emitter voltage, 
Vox, equal to the sum of Vcp and Vpuz, is seen 
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Figure 253-1.—Typical currents and voltages with 
Q2 conducting. 


to be practically constant, thus stabilizing the 
collector current against changes in temperature. 
The OFF collector voltage is not dependent on 
the transistors and hence is relatively inde- 
pendent of temperature, while the ON collector 
voltage is determined by the collector current, 
Ic, which is stabilized. As a result the output 
voltage, equal to the difference between tran- 
sistor ON and OFF collector voltages (see 
figure 253-1) is also stabilized against temper- 
ature changes. 


TaBLE 253-1.—Potentials associated with the conducting 


transistor 

—55° C +25° C +125° C 
ii ale eee aera eee 3. 4V 3. 2V 2. 85V 
Vor3------------- 0.7 0.5 0. 3 
Viohde Hes oes ee Ss 0.7 0.5 0.3 
Voeps sttedbecesst 2.0 2,2 2, 25 
Vap_------------- 0. 9 0. 75 0. 65 
VoriecScuceuc. Das 2.9 2. 95 2.9 


3. PERFORMANCE 


The operating characteristics shown on page 
253-3 are conservative. Input resistor R10 is 
not needed if the rise of positive-going wave 
fronts is slow or if operation is confined to room 
temperatures. In the latter case, if the rise 
time of the negative input signal is less than 
0.1 wsec, PC 253 can be triggered by a signal 
of 4 to 8 volts, and the counting rate and 
output loading may both be increased. When 
the transistor beta increases with temperature, 
higher input voltages are required, necessitating 
the addition of the input resistor to prevent 
false triggering. The input signal voltage level 
will be less critical if the transistors are selected 
to obtain betas near the center of the range. 
Typical output voltage waveforms are shown 
in figure 253-2. 


(a) Ime operating rate 


I5V 


1ov 
ul 
(b) 100kc operating rate 


Figure 253-2.—Typical output voltage waveforms. 


4. EXAMPLE OF USE 


A typical method of connecting four stages 
of PC 253 to obtain a decade counter is shown 
in figure 253-3. Capacitor Cl, resistor R2, 
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and diodes CR2, CR3, and CR4 introduce 
feedback of the correct polarity to convert 
binary operation to decade operation.’ If the 
input to the decade has a fall time shorter than 
0.3 ywsec, input diode CR1 and resistor R1 must 
be included to prevent false triggering. (See 
note 1, page 253-3, and section 2.1.) 


Figure 253-3.—Connection of PC 253 for decade 


1 J. Millman and H. Taub, Pulse and Digital Circuits, 
counting. 


MeGraw-Hill, New York, 1956, p. 327. 
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NOTES TO THE 
PREFERRED CIRCUITS MANUAL 


1. BASIC CONSIDERATIONS 


Within any class of electronic equipment there 
are a number of identical functions to be per- 
formed; however, there are usually several circuit 
designs for each function. Usually no one of the 
designs is particularly better than another. These 
factors make it desirable and possible to develop 
one circuit design to replace the many designs 
performing one function. 

Based on the experience of industrial groups and 
a detailed survey of the problem, the following 
method of approach was developed: 

(a) Review the state of the art. 

(b) Compare types of circuits performing 
identical or similar functions. 

(c) Study system requirements. 

(d) Design “preferred circuits” based on 
the present state of the art to meet these require- 
ments. 

(e) Make this information available to all 
interested parties to stimulate discussion and 
exchange of ideas leading to the adoption of 
standard circuits. 

(f) Revise and add to this information 
when, or if, new and improved circuits of better 
performance or reliability become available. 


Several general rules were chosen for guidance 
in the design of the preferred circuits: 

(a) The fundamental unit must be a func- 
tional unit without regard to the number of tubes 
included. 

(b) The circuits should represent the highest 
performance consistent with conservative and 
stable design. 

(c) The circuits must be sufficiently flexible 
so that any,of the modular, plug-in, miniature, or 
subminiature types of construction can be used. 

(d) Tubes should be chosen from reliable 
types in large quantity production. Electrical 


equivalents are included with exact choice depend- 
ing upon application. 

. (e) The circuits must perform satisfactorily 
using any tube that falls within the limits allowed 
by MIL-E-1B specifications including the end-of- 
life requirements. 

(f) The number of different capacitors and 
resistor values should be restricted as much as 
possible within the R-E-T-MA and MIL pre- 
ferred series. 

Every effort has been made to design the 
preferred circuits to minimize interaction. Elec- 
tronic circuits are not, however, ideal building 
blocks. The user of preferred circuits must keep 
this factor constantly in mind. 


1.1 General Design Considerations: In consider- 
ing the technical feasibility of circuit standardiza- 
tion, many questions arise. The first and one of 
the most important of these is concerned with the 
voltage levels that are chosen by the designer. 
Fortunately there are a few definite design 
principles which designers follow and have there- 
fore almost completely standardized. 

Taking these in functional groups: 

(a) Video circuits: 

(1) Diode detectors in receivers must 
operate above 1 volt to be linear, and opera- 
tion at more than 6 or 7v becomes inefficient 
because of af versus i-f gain considerations. 

(2) The transmission of wide-band video 
signals over long distances must be at low 
levels (about 1 volt) or expensive cable 
drivers must be included. 

(3) Operations such as mixing, gating, or 
limiting are more readily accomplished at 
specific levels. 

(4) Display tubes require about the same 
signal drive voltages because of electron 


Ni-1 
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optical considerations. Therefore the same 
amount of gain is required to raise the trans- 
mission signal level to drive level. 

(5) Linear amplification requires that the 
tubes must not be overdriven and therefore 
further restricts the choice of level. 

(6) Timing and display circuits: 

(1) Accuracy of timing depends largely 
upon rate of voltage change. Therefore most 
timing waveforms must be of high amplitude 
but usually not more than is necessary to 
drive a grid from cutoff to conduction. A 
range of 30 to 70v covers most cases. 


(2) Gating waveforms of display tubes 
must be of the same order of magnitude 
because of the similarity in characteristics of 
all display tubes. 

(3) Deflection waveforms depend some- 
what upon deflection components but even 
these are becoming stabilized in design with 
a small range of characteristics. At stages 
prior to drive stages, the deflection com- 
ponents have little effect. 


The design criteria enumerated above are not 
meant to be all-inclusive but only to indicate a 
few of the functional similarities that exist. 


2. REGULATED POWER SUPPLIES 


The subject of regulated power supplies may 
be considered in two parts: the first includes 
the ac regulator, if any, power transformer, 
rectifier, and filter; the second is the dc regulator. 
The regulator considered here is the negative 
feedback electronic type (fig. 2-1). This regulator 


TRANSFORMER(S) 
RECTIFIER(S) 
FILTER 


SERIES REGULATED OUTPUT 
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AMPLIFIER 


CIRCUIT 
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BLOCK DIAGRAM OF REGULATED POWER SUPPLY 


FIG: 2-1 


may in turn be subdivided into four parts: series 
tube, de amplifier, comparison circuit, and refer- 
ence circuit. The last three may be considered a 
unit called the “regulator-amplifier.” This sub- 
division serves the purpose of circuit standardiza- 
tion because the design of the regulator-amplifier 
depends primarily upon the degree of voltage 
regulation required and is relatively independent 
of the current to be supplied. 

A study was made of 20 equipments to deter- 
mine the types of regulators in use; the apparent 
performance requirements (specifications were 
absent in most cases); and the characteristics of 
each from the standpoint of gain, stability, ripple 
reduction, output impedance over a frequency 
range, and ease of adjustment. 

The frequency of use of plate supply voltages 
is shown in figure 2-2. It was found that voltage 
supplies of +300, +150, —150, and —300v can 
satisfy the majority of requirements. 


2.1 Examples of Circuits in Current Use: The 
regulator amplifiers were divided into groups 
according to the output voltage desired. Five 
configurations were distinguished within each 
group: single pentode, twin-triode cascode, twin- 
triode cascade, twin-triode pentode (balanced in- 
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FIG, 2-2 


put), and pentode twin-triode (balanced output). 

Within each configuration there are variations 
in polarity of reference potential, choice of con- 
nection for output load resistor, size of output 
load resistor, and for the single-pentode type, 
choice of screen connection. 


2.2. Positive Output 250 and 300 Volt Regulators: 
Figures 2-3 through 2-6 show eight circuits 
designed for 300v output and one for 250v output. 
These circuits were selected to show some of the 
circuit configurations. 

(a) Single pentode: Three pentode-regulator 
circuits are included. In the circuit of figure 2-3a, 
the plate load resistance of the 6AK5 is high (1 
megohm), resulting in poor frequency response. 
The reference tube is in the cathode circuit of the 
6AK5; therefore, the current follows variations of 
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+280V REG. 


the 6AK5 current. The 6AK5 screen is fed from 


the regulated output through a divider. 

The circuit of figure 2-3b has a smaller load 
resistor (220Kaq), allowing better frequency re- 
sponse. The-screen is fed directly from a regulated 
voltage. The reference circuit is connected to an 
external negative supply. Its current does not 
vary since the only load is the 6AK5 grid. The 
circuit uses a 6L6 series tube. The 300v negative 
reference comes from a shunt regulating supply 
using VR-105 and VR-150 reference tubes. 

Figure 2-3c is a circuit similar to 2-3a except 
that the screen is fed jointly from the unregulated 
and regulated sides of the supply.’ This method 
of supplying dc for the screen reduces ripple. The 
plate resistor is low (100Ka), providing good 
frequency response but increasing the current 
fluctuation through the reference tube. 


Fig. 2-4 


(6) Twin-triode cascode: Figure 24a is a 
true cascode circuit. The inherent frequency 
response is poor due to the 2.2Mo plate load 
resistor. This effect is reduced by the use of 5uf 
capacitor across the regulated output. A 5651 
voltage reference tube in the cathode return has 
the variable tube current flowing through it. 
The magnitude of this current is small, however, 
due to the large resistor in the plate circuit.. The 
cascode circuit is employed when the. required 
gain is too high for a single triode, avoiding the 
need for a second de supply, as required for the 
screen when a pentode is used. It should be noted, 
however, that the low input impedance of a high- 
mu triode, compared with that of a pentode, may 
result in far less gain than theoretically available 
under conditions of small negative bias and low 
plate-cathode voltage. ! 

Figure 2-4b is a modified cascode. The plate 
resistor for the lower potential triode parallels 
the top triode, which is the plate load for the true 
cascode. This increases the gain of the circuit by 


1J. L. Lawson, Notes on the Design and Construction of Regulated Power Supplies, Rad. Lab. Report No. 44, Section IV; 
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increasing the average plate current and therefore 
the g,, of the bottom triode. 2 

(c) Twin-triode cascade: Figure 2-5a illus- 
trates a circuit theoretically capable of the 
greatest gain among the single-envelope dc 
amplifiers in the examples surveyed. The 470Ka 
output load resistor used gives a frequency 
response intermediate between the extremes noted 
in the previous circuits. In addition to high gain, 
this circuit has a self-contained reference voltage, 


+300V REG. 


and does not “load” the reference tube. The 
cathode of the input triode “loads” or shunts 
the divider which provides the comparison vol- 
tage. Another such divider paralleling the first 
is loaded by the cathode of the output triode. The 
two dividers must have low resistance. In the 
circuit shown, these dividers draw a total of 15ma 
from the output side of the regulator. 

The use of two amplifier stages requires three 
coupling networks, and the cumulative phase- 
shift may cause oscillation unless precautions are 
taken. 


The circuit of figure 2-5b uses a smaller load 
resistor, allowing better frequency response. The 
second divider is replaced by the reference tube 
and its dropping resistor. This reduces the 
‘Gnternal current” used by the regulator but 
requires a higher-current reference tube, leaving 
the total internal current essentially constant. In 
this example both the reference tube and the 
comparison divider are “loaded.” 

(d) Pentode twin-triode (balanced output): 
The example shown in figure 26a uses a twin- 


triode, a pentode, and two 5651 reference tubes 
in the regulator amplifier. The pentode is used 
as a high-gain input stage. The 5651 in series with 
the voltage divider increases the over-all de gain 
of the amplifier by a factor of 1.5. This arrange- 
ment results in high gain, approaching 10,000. 
This circuitry was designed for maximum ripple 
reduction in a particular radar development 
program. Subsequent work showed that the 
ripple was due to external pickup, and the circuit 
was replaced by a much simpler twin-triode 
cascade. 


*V.H. Attree, A Cascode Amplifier Degenerative Stabilizer, Electronic Engineering, April 1955, pp. 174-177. 
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(e)  Twin-triode pentode (balanced input): 
The unit of figure 2-6b uses a twin-triode balanced 
input stage to reduce the effects of tube aging and 
heater voltage change. The output pentode hasa 
16.5Ka plate load resistor resulting in the best 
frequency response of all the circuits. The twin- 
triode-to-pentode coupling uses a ‘phase lead” 
network for stabilization against oscillation. 
Neither the reference tube nor the comparison 
voltage divider is loaded. Although the loop gain 
is only 300, the circuit is capable of yielding the 
best over-all performance of the regulator ampli- 
fiers shown. 


2.3 Positive Output Regulators for 150 Volts or 
Less: Regulators designed for output voltages of 


FROM i 
FILTER 


+150V REG. 
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150v or less usually contain external negative 
reference potentials. Marginal operation may be 
obtained with pentode regulator amplifiers having 
self-contained positive reference potentials such 
as the two examples of figures 2-7a and 2-7b. 

In the example of figure 2-8 an external nega- 
tive source makes possible a wider supply voltage 
range and will permit better operation. 
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2.4 Negative Output Regulators: Circuits similar 
to those previously discussed have been utilized 
for negative operation. Typical examples are 


‘shown in figures 2-9 and 2-10. 


FROM CENTER TAP 


0.25>5 
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2.5 Summary: From this survey it appears that 
two degrees of regulation are required. A great 
many applications can be met with supplies which 
have limited regulating ability of about 1%. 
More precise applications require a regulation 
capability considerably higher — about 0.1%. 


(b) FIG. 2-9 
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FIG. 2-10 


It appears that only four voltages, +300, +150, 
—150, and —300v, should be required in most 
cases. 


2.6 Series Control Tube for Regulated Power 
Supplies: There are three frequently encountered 
applications of series regulator tubes. 

(1) A triode-connected beam power tube of the 
6L6 variety. 

(2) A low-mu, high perveance tube of the 
6AS87 type. 

(3) A beam power tube of the 6L6 type with a 
separate screen supply. 

Applications (1) and (2) are in most common 
use at present. Type (1) has higher » and narrower 
MIL-E acceptance tolerances. This results in 
higher gain and greater useful percentage of rated 
capacity, and requires lower plate swing of the de 
amplifier. 

Application (2) has the advantage of higher 
heater-cathode voltage rating and lower de plate 
resistance. The MIL specifications for the 
6A87 and 6080 were drawn up for use of the tubes 
as low-impedance drivers, pulse generators, etc. 
Their primary use as a series tube in a degenera- 
tive voltage regulator was not considered. As a 
consequence, the minimum uy specified is too low. 
This factor and the unrealistic test setup for 


determination of tube balance makes it necessary 
to derate the tubes by 20% and use a cathode 
equalizing resistor when using tubes in parallel. 
Despite this drawback, the 6AS7 and 6080 remain 
the best practical choices for series tubes in 
equipment where minimum power loss in the 
regulating circuit is a prime consideration. 

Application (3) has appeared in recent labora- 
tory equipment. This circuit has the advantage 
of (1) and has a lower minimum static plate 
resistance and a higher plate dissipation than 
a, single triode section of a 6080. It has the dis- 
advantage at the present time of the added 
weight, complexity of screen supply, and the 
greater space factor due to the use of single 
envelopes per pentode compared to the dual 
envelope 6080. Dual pentodes such as the 815, 
however, eliminate this. Although the heater- 
cathode potential is less than that for the 6080, 
the maximum plate voltage is greater. The 6080 
is rated at a maximum of 300v heater to cathode. 
This rating is too close for a nominal 300v 
supply (including the peak inverse voltage). The 
180v rating of the 6L6 is satisfactory for a 150v 
supply. The heater winding necessary for the 
heaters of the 6080’s in large supplies is usually 
separate, however, and can be floated as easily as 
grounded. 

Having decided on the 6080 and equivalents, 
the problem of plate current equalization will be 
examined. — 

(a) Plate current equalization: During the 
course of the survey, a wide variation was found 
in the value of equalizing resistors used to improve 
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Fig. 2-12 


the balance in plate current among 6AS7 triode 
units operated in parallel. Work was done to 
determine the best value or values to be used for 
this purpose. A qualitative analysis was under- 
taken from a theoretical standpoint to determine 
the chief factors affecting balance and their varia- 
tion with plate voltage, cathode. resistance, etc. 
This analysis, shown in detail later in this section, 
leads to the following conclusions: 

1. In general, the first few ohms of cathode 
resistance are most effective in improving 
plate current balance. 

2. The variation in » between tubes is the 
prime factor in causing unbalance. 

3. As a direct consequence of the variation 
mentioned in 2, unbalance is greatest in 
tubes operating under conditions of high 
negative bias when the value of fixed bias 
is much greater than the bias voltage 
developed across the cathode equalizing 
resistors. 

In order to check the validity of this conclusion, 
and determine the quantitative behavior of tubes 
with variation in bias and cathode resistor values, 
twenty-six 6AS7 twin triodes were selected from 
a group of 75 tubes available for test. These tubes 
were selected for apparent initial unbalance, and 
are not to be thought of as a random sample. The 
purpose in so selecting the tubes for test was to 
show that plate current unbalance is a function of 
fixed bias, and increases with magnitude of nega- 
tive bias. 

The 26 tubes were tested in the following 
manner : 

1. Regulated voltage of 112 volts was 


applied from platetoground. This value was 
used because the maximum rated cathode 
current of 125ma times 112 volts equals 
the maximum rated dissipation of 14 watts 
per triode section. 

2. A negative voltage source was connected 
between the tube grids and ground. 

3. Resistor values of 0, 10, and 47 ohms 
in turn, were inserted between cathode and 
ground of the triode sections of each 6AS7. 
In each case, the fixed negative bias was 
so adjusted that the tube section draw- 
ing the maximum current drew 120ma, 
which was chosen because it was a conveni- 
ent value slightly below 125ma. The 
percentage balance, or the ratio of current 
through the lower current section to 
120ma, was computed. 

The test results are shown graphically in figure 
2-13. The number to the right of each curve 
identifies the tube tested, while the negative 
number along each curve shows the value of fixed 
negative bias used when the value of cathode 
resistor is 470. 

The test points on each curve are shown by dots 
at 0, 10, and 47 ohm points on the abscissa scale. 

It will be noted that the equalization afforded 
under conditions of severe unbalance is a nearly 
linear function of resistance up to a value of 479, 
whereas the equalization afforded for reasonably 
balanced tubes is not great in the case of values 
approaching 47a. 

Equalizing resistors in the cathode deteriorate 
the performance of the circuit. The recommended 
choice of 339 noted in PC 1, 2, and 3, is a com- 
promise between maximum equalization and 
minimum performance deterioration. 

A sample of seven tubes from the previous test 
were retested using the arrangement of figure 2-11 
(the test set up for MIL-E-1B specifications). 
This test included tubes 1 and 12 which were 
among the poorest cases of balance found in the 
prior test. The results for these tubes, as shown 
in table No. 2-1, were within the plate current 
limits of 100 to 150ma set by MIL—E-1B specifica- 
tions. 

On the basis of these tests, a value of 330 is 
selected for use in the tube cathodes. This value, 
as well as the highest (479) used in the tests is 
insufficient to correct for the severest cases of 
unbalance found. In the case of reasonably 
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N2-8 
TABLE 2-f-—Balance Test—6AS7 

E> Rt Tube No. nh Is Percent 

v ma ma balance 
135. -.-- 250 1 143.0 | 119.0 83.0 
185____- 250 8 131.0 115.0 87.8 
185-2... 250 11 1382.5 115.0 86.8 
135_____ 250 12] 144.0] 116.5 81.0 
185..__. 250 13 136.0 118.0 86.8 
1385____- 250 16 138.0 120.0 87.0 
185.._.. 250 20 | 126.5 127.5 99.5 


balanced tubes, initial values of balance of 75% 
or better, this value will give an effective balance 
of better than 80%. 

(b) Approximate analysis: The test circuit for 
determining acceptance of 6AS7 and 6080 tubes 
under MIL-E1/49A and MIL-E1/209 respective- 
ly is shown in figure 2-11. The acceptance limits 
for » and plate current are 


Minimum Maximum 
HL 2See Boch ose cttaSe 14 2.6 
I | 100ma 150ma 


Figure 2-12 shows the general circuit for a 
triode cathode follower. 
The equation for current flow of a planar triode 
is 
Via G 


ive a 
i 


Ip = GV qn + a 


(uVon + Vox)? = K(uVon + Vox)? 
G 
where K = av Let Vox =H. —IpRy and Vx =Es—IpRe. 


". Ip = K[u (Ee — IpRr) + (Es — IpRx)]"? = 
K[uE. = (u + 1) IpRx + E,)’?. 


Variations in the geometry of a planar triode 
changes the yu and the static plate resistance in the 
same direction. The equivalent diode would have 
a larger plate cathode spacing for the higher pu 
tube. For a given value of bias voltage and plate- 
cathode voltage, the tube with the lowest y will 
be most likely to pass the largest current. On this 
basis, it is assumed that a triode section passing 
150ma under test conditions of figure 2-11 will 
probably have a yu of about 1.4, while a section 
passing 100ma will have a u of 2.6. Letting H.=0 


we can solve for K,” thusly: 
I, = K[Es — (u + 1) Ip Ryl’ or K = 

Ip 
[Hs — (# +1) IpRx]'? 


(1) 


If 


K’/t = ——___*____ 
Ey — (wu +1) IpRe 


If we substitute the values of “ equals 1.4 and 
I,, equals 150ma in equation (2), we can solve 
for K,’” thusly: 


(.15)'/8 


KK); = =6. 10-8. 
E 135 — (4) (.15) (250) vara 


In a similar a for we =2.6, I,2=100ma, 
2/3 
ot K,'/t= (.1) 


~ 135 56 (.1) (250) 

In a planar trio @ where the grid cathode 
spacing approaches or is smaller than the grid 
pitch, » and K will vary with grid bias. However, 
this will occur in all tubes of the same type in a 
similar manner, and although quantitative results 
may not be obtained by assuming constant » and 
K, valid qualitative results may be so derived. 

Therefore assuming » and K to be constant 
under the changing bias conditions we have 


I)? = KE, — (uw +1) IpRe + Ee. 


Now we may assume values of EZ, R,, EH, and solve 
for I,,andJ,2 by substituting the values of K,'” and 
K,’” inturn. The solutions are accomplished by 
trial and error and are tabulated in table 2-2 for 
five cases. The first row of table 2-2 tabulates the 
conditions and % balance for the two hypothetical 
triodes chosen. In the second and third rows are 
shown the effects of a —10v fixed bias with 100 
and zero ohms of cathode bias respectively. In 
the fourth, fifth and sixth rows are shown the 
effects of a —30 volt fixed bias and 100, 10 and 
zero ohms of cathode resistance respectively. 

(c) Practical considerations: On the basis of 
these tests, a value of 330 is selected for use in the 
cathode circuit. This value, as well as the 479 
value used as a maximum in the test, is insufficient 
to correct for the severest cases of unbalance 
found. In the case of reasonably balanced tubes, 
initial values of 75% balance or better, this value 
will give an effective state of balance of better 
than 80%. 

There are three alternatives for arriving at a 
recommendation for the use of a preferred com- 
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TaBLe 2-2—Computed Plate Current Balance 


Lower » Limit Tube 


wp=1.4, K,'/*=6.27x10-8 


E.=0 E,=135v R,=2502 = I,,=0.150a |[E.=0 

E.=—10v E,=100v Rx=1002 1,,;=0.161a |/E-=—10v 
E.=—-10v E,=100v R.=02 Tp, =0.396a |Z, = —10v 
E,=—30v E,=130v R.=1002 I: =0.165a |F.= —30v 
E.=—30v E,=130v R,=102 Ip, =0.350a |E.= —30V 
E.=—30v E,=130v R,=02 Ip: =0.409a |Z. = —30V 


Upper » Limit Tube % Balance 
wg=2.6, Ky'/#=4.8x1078 zex100 
E,=135v Ry =2502 Ig =0.100a 66.7 
E,=100v R,=1002 I =0.090 55.8 
E,=100v) Re=02 = Tg = 0.2128 53.3 
E,=130v  Ry=1002 In =0.057a 34.5 
E,=130v Ry=102 = I,g=0.111la 31.7 
Ey=130v Ry=02 — Ip = 0.1240 30.6 


Note: Balance conditions. computed for hypothetical limit-triode sections in parallel, under varying conditions of cathode and fixed bias. 


ponent in a unit. (1) Design around these tubes, 
using deratings so drastic as to curtail the initial 
advantages of the tubes. (2) Choose different 
tubes. (3) Recommend changes in acceptance 
tests for the tubes. The tubes may then be used 
within their new limits. 

The third alternative has been chosen here. 
Use of the 6AS7 as a series tube has been chosen 
on the basis of a new acceptance test. 

The critical condition of a series tube is deter- 
mined by the maximum rated plate power dis- 
sipation. Such a condition occurs when the condi- 
tions of maximum load current and maximum line 
voltage occur simultaneously. It is only logical, 
therefore, that such conditions, which determine 
the limits of the tube, should be used in any 
acceptance test. Since some cathode resistance is 
advocated for equalizing purposes, the test should 
be made using the applicable plate supply and 
compensating resistance. A plate supply voltage 
of 116v and a cathode resistor of 330, for example, 
in conjunction with proper bias supply voltage for 
maximum acceptance (about —27v) is suggested. 

For a simple amplifier with self-bias, positive 
grid current (gas or otherwise induced) will flow 
as shown in figure 2-14. J, flows through R1+R2 
and R3 to the cathode. This positive potential in 
the grid-cathode- circuit reduces the bias and 
allows more current flow through R3. This 
current flow in turn increases the bias and reduces 
excess current flow. If R3 is too small, the current 
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flow through R1+ R2 will decrease the bias beyond 
the power of R3 to compensate. The increased 
current flow will heat the tube, causing further 
increase in current flow. The cumulative effect 
will be overloading and failure of the tube. 

In the case of a series tube in a de regulator, 
increased positive grid current decreases the series 
tube impedance, resulting in an increased output 
potential. This increase in turn is detected by the 
comparison circuit, resulting in loop action to 
correct the condition. Therefore, the former 
restriction does not apply to the case of a single 
tube. In the case of several tubes in parallel, the 
following conditions exist. Consider (n+1) triode 
sections in parallel. Let one section have excess 
grid current. The bias will be decreased for all 


ee el 


o. REGULATOR b. AMPLIFIER 


Fig. 2-14 POSITIVE GRID CURRENT FLOW 
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sections by the same amount. The loop will once 
again correct for this condition. The bias change 
will approximately equal: 


E= single tube correction 
(n+1) 


Therefore the magnitude requirement does not 
hold for the case of a series regulator to the extent 
that it does for an amplifier circuit alone. 

There are two limits on the magnitude of the 
output -load resistor in the case of a regulator 
amplifier. The first consideration is permissible 
error. When grid current flows, an error, which is 
a function of the magnitude of the output load 
resistor, occurs. Although this error is reduced by 
the regulator loop, it does exist. Its magnitude 
after correction is not negligible and may be of 
sufficient size to negate the additional advantages 
derived from the use of a large plate load resistor. 

The second consideration is supply impedance 
which is a function of the gain band-width of the 
complete regulator loop. In most simple degenera- 
tive electronic regulators, supply impedance is 
mainly determined by the plate circuit impedance 
of the regulator amplifier. The capacitive part of 
this impedance is large in magnitude and is a 
function of the number of series tubes. In general, 
impedance consideration will be the controlling 
factor. 


2.7 Development of the Preferred Regulator Circuit 
for +300v Power Supplies: There are three simple 
circuits which may be chosen for 300v supply 
regulators: the single pentode, the dual-triode 
cascade, and the dual-triode cascode. The 
simplest and therefore preferable circuit is the 
single pentode and was selected for use in the 150v 
supplies. In the case of a 300v supply, the added 
plate swing necessary for a given percentage of 
line voltage variation and the limitations on plate 
dissipation of a 6080, requiring the maximum 
utilization of its low static plate resistance, 
indicated the choice of a cascade amplifier. 

The gain of a single pentode is small unless a 
large plate load resistor is used. Such a resistor 
results in intolerable decrease in the frequency 
response. The gain may alternatively be increased 
by using screen sensing of the input voltage and 
control-grid sensing of the output voltage. Screen 
sensing of the input voltage does not counteract 


non-linearities in the feed-back loop, ie., the 
effects of positive grid current. The pentode 
amplifier used in PC 1 and PC 2 is nonlinear and 
operates poorly at low input voltage levels. In the 
case of a 300v supply, the plate swing necessary to 
control a low-mu tube such as a 6080 under 
conditions of line voltage variation included in 
many military specifications is beyond the plate 
dissipation rating of the tube. The addition of 
several volts to the minimum operational plate- 
cathode potential would in many cases not be 
warranted by the saving in circuit simplification 
accomplished. 

The cascode circuit requires a large plate-load 
resistor for adequate gain. The reference voltage 
must be taken from an external source or from a 
gas tube in the cathode of the input-triode section. 
The frequency response suffers sufficiently to 
restrict the area of application. 

The cascade amplifier gives the greatest linear 
gain with reasonable output load impedance. 
This circuit is more complex than the single 
pentode and requires a large minimum output 
capacitor. The reference voltage divider is loaded 
by the cathode of the input section of the 5751. 
This divider is critical because of the amount 
of power dissipated. Despite these drawbacks, 
the over-all performance of the circuit is sufficient 
to make it applicable for many uses. 


2.8 Pentode-Connected Pentode Series-Tube Ex- 
amples: Figures 2-15a and 2-15b, show examples 
of pentode-connected pentode series-tubes. 

In figure 2-15a, the regulator amplifier is a 
simple triode. The series tube regulating the 300v 


UNREGULATED 


Fig. 2-15 (a) 
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EXTERNAL 
—150V 


NORMAL 


Fig: 2-15 (b) 


supply is a conventional triode-connected pentode, 
but the series tube regulating the 150v supply 
has its screen fed from the output of the 300v 
regulated supply. It is therefore a pentode-con- 
nected series tube. Maintenance records show 
almost no reports of difficulty with this supply. 
Units of this type have been in operation since 
1945. 

Figure 2-15b shows a regulator using a pentode- 
connected pentode series-tube that is part of 
relatively recent equipment. There are very few 
maintenance reports available on this unit. The 
regulator amplifier has excellent frequency re- 
sponse, but uses three envelopes. The screen grid 
characteristics of the 6AH6 will affect tube balance 
with age and heater changes. The operating point 
and the use of pentode tubes provide better pro- 
tection against grid-current flow in the amplifier 
stage of the cathode-coupled amplifier than could 
a dual triode, operating with reasonable amplifica- 
tion. Both the cathode follower and the two 
pentodes draw considerable current, which, while 
small with respect to the total current available, 
is not negligible. The excellent frequency response 
derived thereby does not appear to outweigh the 
gain which could be derived if the cathode follower 
were an amplifier using negative feedback for 
frequency compensation. Such operation would 
supply better regulation and lower dc resistance. 
2.9 PentodeConnected Beam Power Series Tube 
Considerations: Under Section 2.6, characteristics 
of series tubes are discussed. The conclusion is 
drawn that over-all considerations for general 
purpose voltage regulators lead to the choice of 
high g,,, low triodes such as the 6AS7 or 6080, 


primarily because of the increased efficiency. 
Considerations in the design of a 0.1% regulator 
lead to the choice of a pentode-connected beam- 
power tube because the reduction in complexity of 
the regulator amplifier, in the case of 150v supplies 
in particular, more than makes up for the in- 
creased circuitry and added dissipation caused 
by the pentode screen supply. 

Note has previously been made of the use of 
pentode-connected beam power series-tubes in 
commercial laboratory supplies. Such supplies, 
in general, use 6L6 or similar tubes with rather 
high plate-cathode voltages and with severely 
derated maximum cathode currents. Tubes such 
as the 6CU6 or 6BQ6 when operated as pentode- 
connected beam-power series tubes compare 
favorably in efficiency with low-mu triodes of the 
6AS7 or 6080 type. The 6098 or 6AR6WA beam 
power tube provides less efficiency than the 6CU6 
or 6BQ6 type but is more efficient than the 6L6 
type, and in addition, is available as a preferred 
military type. Further, the specified acceptance 
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test and the maximum dissipation rating of this 
tube type allow use with nominal derating. 

The addition of a separate screen supply to a 
beam ‘power series-regulator tube increases the 
degree of regulation (reduction in output voltage 
variation) by virtue of the fact that the plate 
current of a pentode is much more dependent on 
screen voltage than on plate voltage. The screen 
voltage is smaller than the input voltage; there- 
fore, a given change in line voltage results in less 
change in screen-cathode voltage than in plate- 
cathode voltage, even if the screen voltage is 
unregulated. Since screen-cathode voltage is 
reduced less than plate-cathode voltage as line 
voltage decreases, minimum static plate resistance 
will be lower for pentode than for triode con- 
nection. Thus, the pentode connection of a beam 
power tube provides an effective increase in 
amplification factor and a decreased minimum 
static resistance, thereby increasing series-tube 
efficiency and lowering the requirements of the 
regulator amplifier. 

The increased effective gain of the pentode- 
‘connected beam power tube allows an amplifier 
using two direct-connected stages to be used in a 
150v, 0.1% regulated supply without the need of 
either de step-down attenuators between stages, 


or a highly regulated auxiliary voltage. Such 
operation is not possible using’ a low-mu triode 
because the plate swing required to control the 
grid. of a pentode-connected 6098 is one-quarter of 
that required for the control of a 6080 operating 
under the same line and load conditions. 

Wire wound, 252, 1% resistors are used for 
cathode equalizing in PC 4 and PC 5 because they 
are a standard value less than 330 for this type of 
resistor, and provide a means for checking. If the 
cathode of each tube is brought out to a test point 
such as a pin jack, an ordinary multimeter can be 
connected between the output voltage terminal 
and each jack to check balance. If a unit is 
operated under full load conditions and the line 
voltage is reduced to minimum, then all tubes 
showing subnormal current flow in the cathode 
should be discarded. If the line voltage is raised 
to the maximum, then all tubes drawing more 
than 10% greater than average current should be 
replaced. 

Though the regulators are designed to be used 
as self-contained units, they may be used in 
combination to provide the four preferred voltages 
required for a given unit. Such operation requires 
but one separate screen supply, and a schematic 
of this connection is shown in figure 2-16. 


3. RECEIVER VIDEO CIRCUITS 


Video circuits are particularly amenable to 
circuit standardization. This conclusion is a result 
of consideration of the pulses to be amplified, the 
polarities, and the amount of amplification 
required. Table 3-1, a list of the parameters for 
several recent radars, shows how similar the pulse 
responses must be. 

Although the CRT can be driven with either 
negative video at the cathode or positive video at 
the grid, the circuit is more efficient if the final 
video amplifier is biased near cutoff, delivering 
negative video. The cathode follower following 
the detector is more efficient when delivering 
positive video. With these considerations, the 
polarity at all points in the video chain is well 
established.. 

The similarity between the amounts of gain 
required result from more fundamental considera- 
tions. The CRT indicators require driving signals 
from 35 to 60v. The amplitude of the pulse at the 
video detector output must be in the order of 2v. 


The action of the limiter and cathode follower 
maintains the level between 1 and 2v into the 
second half of the video chain. The over-all gain 
is therefore about 30. The gain of the second half, 
however, must be sufficient to accommodate varia- 
tions in tubes, components, and operating condi- 
tions. 


3.1 Examples of Receiver Video Circutts in Current 
Use: Several radars have been examined to show 
current. practice in the design of video amplifiers. 
A diode detector with negative output polarity is 
generally used to operate the limiter amplifier 
which inverts the signal polarity. A low-level 
cathode follower provides a positive output signal, 


Examples of detector, limiter, and cathode 
follower stages taken from eight pulse radars are 
tabulated in table 3-2 and figure 8-1. The tabula- 
tion of i-f and pulse information in table 3-1 shows 
most of the pulse data which are pertinent in the 
design of the video chain. 


TaBLe 3-1—Intermediate Frequency and Pulse Performance Characteristics 


Key Center frequency a A ae 
Avecotsessee 00s seeeceecot seed 380cps-3mc_-__------- 
Bososssesce2 30 + .25.-.----_-_---- 0.8mce__.-..-------- 

Beacon 30_--------- 6mc_____--__.------ 

Crssceovs | ne ea oe 6MCscc2 52 See Se 
Desstecosnss 60 #1.25._--.------- 30cps—4me___------- 
§=+1mce 3 db_________ 

Ime... es socec ees 

Bese ss5sncu B02 22sec si2cb2c5cu 5 GMeececeschel ee sesd 
Pssicesesss 60o sss soccer see 200cps—3mc_.___-_-- 
1.5 db__..._-------- 

Ges lie +1 een ar 750ke._.____...---- 
6mMeC) 2222s selene 

C1 er 

pS eee ee BO Pike ets Bo 1.2me_____--------- 


Pulse width Video characteristics 
psec 
0.5. 
0.67. 0.5—100zsec pulses. 
2.0. Rise 0.25usec, droop 1 db. 
0.5. 
0.5. 30cps—4me 1 db. 
2.25. Indicator 20cps-5me, 3 db. 
4.5. 
0.5. 
1.75. 
2.25. 
0.75. Rise 0.08 usec. 
2.25. Droop 1 db 2500usec. 
5.00. 
0.5. Beacon 200cps—3me 3 db. 
0.7. Wide Band 30cps-3.2me, 3 db. 
2.35. Rise 0.15yusec. 
3.2. Droop 1 db 1000usec. 
1.8 Rise time 0.lusec, droop 3 db 


300ysec pulse. 
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Tubes and Paris 
Key Tube Rr(Q) Cin upf L 
A.-__| 1/2 6AL5__} 3.3K+4+4.7K_| 5__.__- Not used. 
B___.| 6AK5____- Plate detec- | Not Not used. 
tion drawn 
C....| 1/2 6AL5__| 2K_._--__-- D7 eee 6mc. 
D___-| 1/2 6AL5__} 1.8K____--_ 1 (eee Not used. 
E.-_.| 1/2 6AL5__| 2.7K_____-- AQ2cosot 30me. 
F____| 1N70_____- SK 10.____- Not used 
G__..| 5702____.- 5.6K_____.- 10______ 30mc. 
5702____-_- 3.3K 22 22.-- 10____2- Not used. 
H____| 6AL5_____- 6.8K_____.- 22_____. Not used. 


Figure 3-1—Video Detector 


Ebb Ese 
Ri 
Rx 
(1) 
Tubes and Paris 
Key Circuit Tube Voltage RL(Q) Ri Reg-Esg Cig 
Ane ce (2) 6AK5...------- +105v___------ 6.8K ces 22s |etoesass 18K_____- 0.001 uf. 
Bizsnsce (4) 6AK5_____----- +140v__._----- 4702+ -(10K)____| 2202.__}| +140v___|] 715 yuyuf 10.5uh. 
( 0 eae (1) ¥g 12AT7_....-- +150v____----- TR eos sees 220. ooo ese 52 
Dac.s (2) | 6AK5_....----- +150v_...._.. 1 fo.) ; Sa mens Deperaneea 68K_____- 0.1-O.1uf. 
Beeson (2) 6AK6.__------- +150v (has di-| 1.2K_._--.-.._.}--_---_- 11.6K____| 0.101 yf. 
ode limiter). 

Fedeciecs (3) First video combined with cathode follower (fig. 3-3, F) 
G..-.. (4) 5702___-..----- 4+110v__..--__- LbK 2222 s2225- 2200__-| +110v___| 0.1—0.1yf. 
:: ee, (5) | 6AK6._.-.----- +105v__...---- | aR eH nes Perera ED +105v__- 


Figure3—2—Video Amplifier-Limiter 
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(a) Detector: The tabulation of the various 
detectors suggests that this stage shows only 
a small deviation in part values and a suitable 
preferred circuit can be developed. Although not 
listed, switching provisions for fast time constant 
(FTC) and beacon reception are commonly used. 
Seven of the eight radars use diode detectors, 5 
using 1/2 6AL5; 1, a subminiature diode; and 1, a 
crystal diode. One radar uses a 6AK5 plate 
detector. The range of load resistors is from 2 to 
5.6Ka. The i-f capacitor ranges from 5 to 22uuf. 
Most circuits employ an i-f trap. 

(b) Amplifier-Limiter: The video amplifier, 


forms in the eight radars. There are five circuit 
variations for this stage as shown in figure 3-2. 


(1) Triode, self-bias. 

(2) Pentode, zero-bias, screen resistor. 
(3) Pentode, self-bias, screen resistor. 
(4) Pentode, self-bias, fixed screen. 


(5) Pentode, zero-bias, fixed screen. 

Some of the stages are limiters and others are 
regular amplifiers. Of the seven radars, six use 
pentodes and one uses a triode. The load resistor 
varies from 47002 to 6.8Ko. The plate voltage 
varies from 105 to 150v. Only one amplifier uses 
a peaking coil. This basic amplifier-limiter 


immediately following the detector, takes several function lends itself to standardization. The 
Ebb Ebb Ebb Ebb 
R sg 
= ce | me ) 
RK Rk RK Rk 
(1) (2) (3) (4) 
BIAS BIAS BIAS 
Tubes and Paris 
Key Circuit Tube Ev Reo Rx (Q) Ece 
AL.----- (COMBE C0: 4, i gee +105 | 1000__..-|...-...----------------------- —15v 
Bawwodet| ee. te See video. limiterc22. .'2- vee) cee. les eee cteced|ecee esau lene codes ooeseetes 
Clete (2) Ve NOATT oe oes ieee dees eu as +150 |______---- 750 (parallel 10K)_-_._-__---- 
De discs (4) GIGSA osc sb seo Ss +150 |_--------- 1002 222 c2e see See Bicsuss2 —Ay, 
Bios (4) LOA US 25-2 e ce Sooo sche eke’ +150 |---------- B10: ow os ec teten eet aos —5v 
Pocsesct (3) GAK5 2 en ercad +105 | E., 24v___| 430 (parallel 10K)_.---------- 
Combined with limiter 
Geese (1) BOTE ee ee ee EIIO: cece tek V6 oat ot —4.7v. 
:: (2) Be AQAT Ts oo ae Moc oakecee —-105 |_.--.----- 330 (parallel 10K)_.....------ 


Figure 3-3—Cathode Follower 
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characteristics which need greatest care are the 
linearity of amplification and constancy of limit- 
ing level with high duty-cycle signals. As men- 
tioned in the case of the detector, switching 
provisions for FTC and beacon reception are 
connected at the limiter input. A dc restorer diode 
is used in three limiter circuits. 

(c) Cathode Follower: Of the eight radars 

examined two used pentode cathode followers, and 
five used triode cathode followers singly or in 
duo-sections. These circuits are shown in figure 
3-3. One radar did not use a cathode follower. 
Of the seven cathode follower stages, four used an 
external bias. The plate voltage ranged form 
105 to. 150v. 
3.2 Summary of Types in Current Use: The first 
half of the video amplifier chain generally uses 
the pattern of detector, amplifier-limiter, and 
cathode follower. Of the three stages, the cathode 
follower appears most suited for a preferred cir- 
cuit. The signal path is similar for all examples. 
A negative output pulse from the detector is 
inverted by the amplifier-limiter to provide a 
positive pulse to the cathode follower whose 
output is also positive. 


TasBLE 3-2—Video Amplifier Tube Line-up 


Key Detector Video limiter Cathode follower 
A_.. Le 1/2 6AL5___--| 6AK5_______- 6AK5. 
Beisue 6AK5 (plate {| No limiter___.| No follower. 

detector) 
Cszsec02 1/2 6AL5___-- 1/2 12AT7____| 1/2 12AT7. 
Dees: 1/2 6AL5___-- 6AK5__.__-.- 6J6 (duo). 
Wee 1/2 6AL5___-- 6AK5___._--- 12AU7 (duo). 
| eee 1N70__...---- 6AK5__..---- Limiter-fol- 

lower. 

Geeceecs 5674_______-. §702__..----- 5977. 
i: eee 1/2 6AL5_._..) 6AK5.-.-.---- 1/2 12AT7. 


The detector circuits all use a diode detector. 
The amplifier-limiter and cathode follower, in 
contrast, have many variations. The amplifier- 
limiter tubes are predominantly pentodes, but 
there are a variety of circuit configurations. The 
cathode follower tube selections are predominant- 
ly triodes used singly or in duo-section. The type 
of biasing is evenly divided between self and fixed 
bias. The range of plate supply voltage for the 
chain is from 105 to 150v. 


4, VIDEO MIXERS 


Video mixing is the combining of various forms 
of pulse information. In a radar system, video 
mixang may include any-number of the following: 
radar video, beacon, range markers, range strobe, 
azimuth markers, and other special forms of 
information. The term “video mixer” should not 
be confused with the intermodulating function 
that occurs at the mixing of radio frequency and 
local oscillator signals in a receiver. 


In the strict sense of the word, video mixers 
should be considered as adding elements. This 
implies that the circuit will perform an algebraic 
addition of pulses of either polarity that are in or 
out of coincidence. In radar applications, how- 
ever, video mixers are chosen to combine time 
coincidence pulses in a nonadditive manner in 
order to prevent distortion at the indicator. 
Certain video mixers will combine signals of only 
a chosen polarity. 


4.1 Examples of Video Mixers in Current Use: 
The following is a summary of various video 
mixers found in radar systems in the course of the 
survey. The circuits are shown in figure 4-1, (a) 
through (v). 


VM-1 A common-cathode video mixer combin- 


ing range markers and heading markers. 


Two separate common-cathode video 
mixers, the same heading markers being 
inserted in both mixers. The other 
inputs handle independent markers. 


VM-2 


VM-3 A circuit combining four inputs into a 
common cathode. All four inputs are 


marker pulses of a positive polarity. 


A common-cathode video mixer combin- 
ing three markers. 


VM-4 


INPUT INPUT 


INPUT INPUT INPUT 


Fig. 4-1 (b) VM-2 


INPUT INPUT INPUT INPUT 


INPUT INPUT INPUT 


Fig. 4-! (d} VM 4 
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VM-5 


VM-6 


VM-7 


VM-8 


VM-9 


200 


INPUT 


INPUT 


INPUT 


A common-cathode video mixer combin- 
ing four trigger pulses of positive polar- 
ity. The large cathode resisitor, (47KaqQ), 
was chosen to allow nonadditive mixing 
of high amplitude pulses in the vicinity 
of 50v. 


A common-cathode video mixer combin- 
ing five marker inputs. 


A triple common-cathode video mixer 
combining three inputs and providing 
three independent outputs for separate 
indicators. 


A common-cathode video mixer combin- 
ing three inputs. Each of the grids is 
biased to cutoff and therefore passes 
only positive polarity pulses of suffici- 
ent amplitude to overcome the bias. 


A common-cathode video, mixer for 
combining two positive polarity range 
strobe triggers. 


INPUT 


(i) VM-9 
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VM-10 A common-cathode video mixer combin- 
ing 9v positive polarity markers with 2 
to 10v positive IFF signals. 


VM-11 A common-cathode video mixer combin- 
ing positive polarity range strobe and 
IFF signals. Output is approximately 
8v positive. 


VM-12 A common-plate video mixer consisting 
of three pentodes. Both positive and 
negative signals are combined. High 
frequency compensation is used in the 
plate circuit. A triode is used as a phase 
splitter. 


INPUT INPUT 


(k) VM- It 


VM-13 A two pentode common-plate video mix- 
er combining radar video and IFF video. 
The polarity is positive at the grids. 
Each grid also has a diode clamp es- 
tablishing the base line at —1.8v. 


VM-14 <A two pentode common-plate video mix- 
er combining gated video and beacon 


video. 
INPUT Fig. 4-1 INPUT) VM-~ 2 INPUT INPUT 


+152V 


0.01 


INPUT INPUT 


INPUT INPUT 


Fig. 4-! (j) VM-10 


(m) VM—-13, 


INPUT INPUT 
Fig. 4-1 (n) VM-14 
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VM-15 A common-plate video mixer using tri- 
odes for mixing high level blanking 
pulses. In series with the plate load of 
the mixer triodes is a third triode for 
mixing an additional blanking pulse. 


VM-16_ A three triode common-plate video mix- 
er for combining three IFF signals. The 
common-cathode resistor provides some 
degeneration. 


VM-17 A common-plate video mixer for com- 
bining radar video and mixer markers. 
A compensated plate load is used. 


VM-18 A common-plate video mixer using a 
: ES : 0.01 
dual triode, combining radar video and 
mixed markers. Each cathode has its 
own unbypassed resistor tor gain stabil- 
ization. 


9.01 


INPUT INPUT 


(q) VM-I7 


+150V 


100 


INPUT INPUT INPUT 
(o) VM—- 15S 


0. 


500 yOUTEUT 


0.05 


INPUT INPUT 


INPUT INPUT INPUT 


Fig. 4-1 (p) VM~ 16 Fig. 4--1 (r) VM-18 


VM-19 


VM-20 


VM-21 


VM-22 
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A common-plate video mixer for com- 
bining radar video and range markers. 
Two pentodes are used with a compen- 
sated load for high frequency response. 
A common-plate video mixer using spec- 
ial tubes with sharp cutoff characteristic 
at each grid. At one tube, IFF and 
markers are inserted at separate grids. 
Radar video is impressed at one grid of 
the other tube. 

A single pentode video mixer, negative 
video plus IFF being inserted at grid. 
Impressed at the cathode is the range 
strobe derived from the cathode output 
of a blocking oscillator. 

A common-plate video mixer using a 
diode to couple the two plates. The 
function of the diode is to provide a non- 
additive feature. Note that the plate 
with the +115v potential is connected 
to the “cathode” of the diode and the 
other plate with a +110v potential is 


tNPUT 


INPUT 


Fig. 4-1 


INPUT (t) VM— 20 INPUT 


INPUT-A 


N4-5 


connected to the “anode” of the diode, 
thus rendering the diode nonconducting. 
Both grids are impressed with negative- 
going pulses. Under conditions of non- 
coincidence, a negative pulse of suffici- 
ent amplitude at either grid will appear 
at the output. The positive pulse 
appearing at the plate of section B will 
not conduct through the diode because 
of the positive pulse at the opposite side 
of the diode. The video pulse must be 
applied to the input A. The input at B 
has to overcome a 5v bias at the diode. 


INPUT INPUT 
(u) VM-2l 


+300V 


OUTPUT 


(v) VM~22 


Fig. 4-1 INPUT- 8 
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4.2 Analysis of Types in Current Use: The 22 
examples of video mixers that have been described 
briefly were taken from radar systems of various 
functional designs. The pulse widths cover a 
range of 0.5 to 5ysec, and repetition rates from 
200 to 2000pps. The common-plate mixers have 
high-frequency compensation commensurable 
with the rise time of the video pulses. The 
common-cathode mixers by virtue of cathode- 
follower action are capable of handling very fast 
rise times. From this survey it appears that most 
video mixer requirements can be met with only 
two types of circuits — the common-plate and 
the common-cathode. The choice between the 
two is based only on the necessity for phase 
inversion. Low-level mixing is used purely for 
efficiency considerations. 


4.3 Additional Design and Performance Data for 
the Common-cathode Video Mizer: Preferred 
Circuit 23 was developed as the preferred com- 
mon-cathode video mixer. This circuit and its 
accompanying technical data deal with the 5670 
tube. This tube was chosen on the basis of circuit 


TaBLe 4-1—Video Mixer, Common Cathode Type 


12AU7 
Eo, = +150v 
Output 
Output (for either (for inputs in Input 1, Input 2 
input), coincidence), volts volts 
‘olts volts 
Cathode Resistor—47000 
0.20 220222222 0.38 0.43 0.46 
Oc ee 1.6 1.9 1.9 
8: OsweeSecose 4.1 5.5 5.0 
10.0.__-_--_-- 12.0 14.0 14.0 
Cathode Resistor—4702 
0.20_.._____.- 0.39 0.58 0.60 
LO fee oeocce 1.7 2.8 2.8 
SOc tn tad 4.5 ai.|| 288 
§:02205--5-- 7.0 12.0 10.0 
Cathode Resistor—1502 
0.20-_..---- 0.38 0.81 0.80 
TQe2Geec cot 1.7 4.0 3.9 
ri | ee 5.0 31.0 9.0 


performance and reliability. For purposes of 
comparison, however, other types of miniature 
twin-triodes were evaluated: namely 12AU7, 
12AT7, 12AX7, and 12AY7. Tubes of these types 
were selected from the “reliable” series. 

Tables 4-1 through 4—4 give performance data 
of the various twin-triodes when used as common- 
cathode video mixer. The voltage levels of inputs 
1 and 2 were chosen to produce identical output 
levels. Any discrepancy between the input levels 
can be attributed either to tube unbalance or the 
effects produced by unequal duty cycle. The 
additive factor was determined by applying a 
positive 180usec pulse to input 1 and a positive 
10usec pulse, input 2, that was varied in time 
coincidence with the first. In general there are 
only small differences in the circuit performance 
of the various twin-triodes. This is probably due 
to the inherent degenerative action of. this mixer. 
4.4 Additional Design and Performance Data for 
the Common-plate Video Mixer: Preferred Circuit 
24 was developed as the preferred common-plate 
video mixer. Other types of tubes for use as com- 
mon plate-mixers were investigated along with the 


TABLE 4-2—Video Mixer, Common Cathode Type 


12AT?7 
Ey, = +150v 
Output 
Output (for either (for inputs in Input t, Input 2 
input), coincidence), volts ‘volts 
volts 
Cathode Resistor—47002 
0.20__-.------ 0.36 0.45 0.39 
T0222 scstce 1.4 1.6 1.5 
BO ch wn eiede 3.5 4.3 | 4.0 
10,022 502-4522 11.0 12.0 12.0 


VipEo MIxErRs N4-7 
NAVAER 16~1-519 


TABLE 4-3—Video Mixer, Common Cathode Type 


12AX7 
Eup = +150v 
Output 
Output (for either (for inputs in Input 1, Input 2, 
input), coincidence), volts volts 
volts volts 
Cathode Resistor—47000 
0.20._--.---- 0.33 0.39 0.35 
2 Oy epee 1.2 1.5 1.4 ; 
tJ | eee 3.4 3.9 3.7 
10.0..__--...- 11.0 13.0 12.0 
INPUT | INPUT 2 
Cathode Resistor—4702 
0.20__..- 2 L_ 0.36 0.61 0.62 ; ae ; : , 
anes 1.5 B.4 | 2.2 Ontos (ox either | Output (or pate | Input 1, | Input 2, 
volts volts volts volts 
Cathode Resistor—150Q oe, Ree 4% 40.55 | +0.32 
0.20._..-.-_- 0.18 0.91 | 0.92 Sarees peat Fed inioe 
0.8 12 292 cat, ee eee —5.6 +2.0 +1.4 
0.50..-..... te a ce eek ~13.0 +3.6 | +2.6 
=102.-5202.22 -17.0 +5.5 +2.9 
pbzscoee tiie +2.2 —0.65 | —0.41 
oy ee +4.5 -1.5 | -0.8 
TaBLy 4-4—Video Mixer, Common Cathode T'ype +38_...------ +7.5 —5.0 —-1.3 
12AY7 oie 2 2) 42 +11.0 -9.0 | ~2.4 
Abe ic sete tee ses Soest | oes ed iceecee ce 
Ey, = +150v 
Gant Figure 4-2—Common Plate Mixer (Pentode) 
Output (for either (for inputs in Input 1, Input 2, 
welts ae re sat 5670 employed in PC 24. These included 6AK5 
pentodes and the 12AU7 dual triode. 
Cathode Resistor—47000 Figure 4-2 is a common-plate mixer using 6AK5 
pentodes. The table beneath the schematic 
ee TERE Sse ety — Hr diagram shows the additive factor at the plate asa 
3.0.......... 3.6 41 3.9 result of two coincident inputs. This circuit is a 
10.0.......... 11.0 14.0 | 13.0 good adder. If the application demands a low 
additive factor, it will be necessary to use accom- 
j panying circuitry to nullify the adding effect. 
ee iede Restor 08 There is little advantage in using pentodes rather 
0.20......... 0.38 0.571 0.56 than triodes. On the contrary, the single-envelope 
TOs eal ee 1.6 2.4 2.2 dual triode has a definite appeal over two separate 
3,02 522525255 4.7 18.0 5.4 pentodes from the viewpoint of saving compon- 
ents. The inherently low Miller effect associated 
Cathode: Recistor—ib00 with -pentodes is counterbalanced by the fact that 
the triodes are used in a unity-gain circuit. 
0.20......... 0.39 0.90} 0.90 Therefore pentodes offer no significant reduction 
1302202225.22 1.6 10.0 3.3 in input capacity. Another disadvantage of the 


pentodes is the problem of the screen bypassing 
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capacitor. Unless a large capacitor is used, there 
is always the adverse droop characteristic associ- 
ated with rectangular pulses. A time constant of 
25,000usec is required to keep the droop of a 
500usec pulse at 2%. The operating range and 
linearity of the plate mixer using 6AK5 pentodes 


24 


NEGATIVE PULSE OUTPUT— VOLTS 


-8 8 16 24 


POSITIVE PULSE INPUT - VOLTS 


Fig. 4-3 GAIN CHARACTERISTIC 
OF MIXER (Fig. 4-2) 


are given in figure 4-3. Even under conditions of 
high current drain, the plate potential remains 
close to the supply potential due to the low value 
of load resistance. Therefore the circuit is best 
operated with positive input pulses and a nega- 
tive-going output. 

For purpose of comparison the 12AU7 tube was 
also tested in a common-plate mixer circuit. The 
plate-load and cathode resistors were selected to 
produce a gain characteristic similar to that of PC 
24. The results are tabulated in figure 4-4. The 
12AU7 circuit draws twice the plate current of the 
2C51 circuit. The plate current could be reduced 
by increasing the cathode resistance, but the plate 
resistor would then have to be increased corres- 
pondingly in order to keep the gain at the same 
figure. This increase in plate resistance would 
adversely affect. pulse rise time and necessitate 
high-frequency compensation. 

As pointed out previously, common-plate 
mixers will combine signals that are coincident in 
-time in a good additive manner. If this effect is 
detrimental to the operation of associated circuits, 


INPUT | INPUT 2 
Output (for either Output (for inputs Input 1, Input 2, 
input), in coincidence), 180ysec, 10sec, 
volts 8 volts volts 
—0.5__-------- —1.0 +0.62 | +0.49 
al ee -1.9 +1.1 +1.0 
2 owe eebce —3.8 +2.2 +2.2 
a eee —7.5 +4.6 +4.6 
=8ueceeees22 —14.0 +11.3 +7.5 
+0.5.-------- +0.9 —-0.7 -—0.7 
+1... -------- +2.1 —1.2 —1.3 
ss ee +4.5 —2.6 —2.7 
$:322-5-22522 +7.3 —4.5 —5.0 
$4) ote Gs sosesecoss seeded |b oesnto slat ios Jot 


Figure 4-4—Common Plate Mixer (Triode) 


it will be necessary to employ techniques to 
nullify the adding feature. Figure 4-5 shows a 
common-plate mixer with a diode-limiting coup- 
ling circuit. Operational data are included in the 
figure. The data illustrate how the bias voltage 
sets the limiting level. 

The circuit shown in figure 4-6 is a system 
whereby a common-plate mixer can be arranged 
to provide a lower additive factor. A diode is 
inserted between the plates whose quiescent 
operating potentials are staggered by the unequal 
plate-load resistors. The diode polarity is ar- 
ranged in a nonconducting direction with approxi- 
mately 1.5v back voltage to be overcome before 
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+150V 


OUTPUT 1 


INPUT 1 INPUT 2 


Input 1, volts Output 1, volts} Input 2, volts 


Bias Voltage—1 . 5v 


tess csce se secs is Be ase —3 -1.1 

ee LR She ae eC —10 —2.2 

SEB eixs2 US ect rete tem —23 —2.7 
Bias Voltage—3.0v 

Os fen See te le -—3 -1.8 

AOL Socer6 eis ee mod oe Beds -1l1 —3.7 

24. occoessusecetteccaulce —24 —4.1 


Rise time = 0.05usec. The 3KQ resistor can be shunted 
with a few micromicrofarads to speed up the leading edges. 


Diode B needed with fast repetition rates or high duty 
cycles in order to limit the positive excursions. 


Figure 4-5—Mixer-Limiter 


conduction can occur. In this circuit it is impera- 
tive that the radar video be applied to section B. 
The input to section A has to be of sufficient 
amplitude to overcome the diode back-bias before 
the signal can appear at the output. Therefore, if 
this were radar video, small echoes would be lost 
in the output. Positive radar video applied at the 
input of section B appears as a negative output 
at the plate. Positive marker pulses applied to the 
input of section A will, if given a sufficient level, 
pass through the diode to the output. Whenever 
the radar video is coincident in time with a marker 
pulse, the radar video biases the diode to the 
extent that only a small amount of marker pulse 
can pass through the diode and add to the radar 
video. 

While studying operation of common-plate 
mixers, a possible source of signal deterioration 
was uncovered. A circuit of this sort can behave as 


392077 O =56 -12 


+150V 


680 
+146V 


+147.5V 
OUTPUT 


0.047 


RANGE RADAR 
MARKERS VIDEO 
Marker Video Marker Video Both in 

input, input, out, out coincidence, 
volts volts volts volts volts 
+8.6_.-} +1.0 —2 -1 —2.5 
+15____. +1.0 —3 -1 —3.4 
+8.7_-_| +4+2.2 —2 —2 —3.8 
+15____. +2.2 —3 —2 —4.6 


Figure 4-6—Diode Connected Mixer 


if the plate load were shunted by a resistance and 
capacitance in series. This condition can result 
from too small a value of capacitor at one of the 
inputs if one of the inputs is left unconnected. 
The deterioration of rectangular pulses due to this 
condition simulates the effect of shunting the 
plate load with a capacitance and resistance in 
series. 

Two basic rules should be practiced in order to 
avoid the described situation. All grid inputs 
should be connected to their signal sources and not 
left isolated, as might be the case in a relay 
switched system. Grid input coupling capacitors 
should have a value not only large enough to 
satisfy the pulse duration requirement but also 
large enough to avoid the above effect. For 
example, a coupling capacitor of 500uuf and 
0.5Mo grid resistor would satisfy pulse width 
considerations for a 10usec pulse (4% droop). A 
safe value to use, however, would be 0.047uf. 

The circuit shown in figure 4—7 is a special case 
of plate mixer. A 6AS86, dual control pentode with 
a suppressor grid having a cutoff characteristic 
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+150V 


5.6K 
OUTPUT 


INPUT 2 INPUT | 
f 
tapes 4) tnoys ® One i: Oe Ns japan ee. 
volts vo 
Ct ree —2 +2 +2.0 +3.4 
ot eS -3 +2 +3.4 +4.3 
a) ees —4 +2 +4.6 +5.5 
2.2... —2 +5 +2.2 +5.8 
2.222. —3 +5 +3.5 +6.5 
=O -scet —4 +5 +5.0 +6.7 
—2...-.- —6 +5 +7.9 +8.1 


Figure 4-7—Dual Grid Mixer 


similar to the control grid, is employed. Pulses of 
higher amplitude such as markers should be 
impressed on the suppressor grid since its trans- 
conductance is about one-fourth that of the 
control grid. A table of operating levels is 
included in figure 4-7. One drawback of the 
circuit is the high-value, bulky capacitor needed 
to bypass the screen grid. 


5. PRF GENERATORS 


A survey of repetition rate generators used in 
current airborne radar equipments shows little 
correlation between the specified frequency 
stability and the circuit type. Multivibrators, 
blocking oscillators, and Wien bridge oscillators, 
for example, have all been used in equipments in 
which a 3% frequency stability was specified. As 
a repetition rate generator, the multivibrator has 
the advantage of greater frequency stability than 
the blocking oscillator and greater economy of 
components than the Wien bridge oscillator. A 
disadvantage of the multivibrator is that the out- 
put impedance is essentially equal to the plate 
load resistance. This resistance must be relatively 
high for good frequency stability. 


5.1 Examples of Multivibrators in Current Use: 
The diagrams show repetition rate generators 
taken from three equipments in which multivi- 
brators are used to generate the repetition fre- 
quency. As these three equipments were all 
engineered by the same organization, there is a 
noticeable similarity in the design of these circuits. 


+300V 


Fig. 5-1 MULTIVIBRATOR PRF GENERATOR 


The specifications for the equipment from which 
the circuit of figure 5-1 was taken require a 3% 
frequency stability for the 200pps repetition 
frequency, and 8% stability for the 400 and 
800pps frequencies. No information is given in the 
specifications on the frequency stability required 
from the circuit of figure 5-2. The circuit shown 
in figure 5-3 is from an experimental version of 
a radar set for which a frequency stability of 3% 
was specified. In this version, the multivibrator 


could be either free-running or triggered, but only 
the free-running connections are shown in the 
diagram. 


+180V 


Fig. 5-2 MULTIVIBRATOR PRF GENERATOR 


Although the frequency stability specified for 
the multivibrator of figure 5-1 is not greater than 
that required for the multivibrator of figure 5-3, 
the much larger plate resistors used in the circuit 
of figure 5-1 indicate that the frequency stability 
of this circuit, for the same quality of components, 
will be superior to the circuit of figure 5-3. In any 
case, the specified frequency stability could be 
obtained from a twin-triode multivibrator. 


+300V 


Fig. 5-3 MULTIVIBRATOR PRF GENERATOR. 
FREE RUNNING CONNECTION SHOWN 
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5.2 Blocking Oscillator Examples: Blocking 
oscillators have been used widely for PRF 
generators where the frequency stability require- 
ments are about +5%. Typical circuits taken 
from different radars are shown in figures 5-4, 
5-5, and 5-6. All operate at frequencies between 


The positive grid return in figure 5-5 is the only 
major difference in the circuits except for com- 
ponent values. Returning the grid to the plate 
supply is likely to decrease the frequency stability 
if the filament voltage drops below its rated value. 


+300V 


200 and 2000pps as indicated on the diagrams. 


+ 300V 


\ 


Cc 
! 
t 
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{ 
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BLOCKING OSCILLATOR 
PR F GENERATOR fey 
nest ‘ BLOCKING OSCILLATOR 
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FIG. 5-5 
+250V 
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ap opt 
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Cathode follower outputs minimize the effects of 
the load on the blocking oscillator frequency. The 
one exception is output C of figure 5-6. Although 
the load at this point is across the principal 
frequency-determining element, its effect is 
negligible because of the low impedance of the 
source during the pulse and the low time constant 
of the load circuit compared to the frequency 
determining RC circuit. The output polarity here 
is negative. All the other outputs are positive, 
including output B of figure 5-6, where the 
desired signal is the positive overshoot to provide 
a trigger which is delayed with respect to outputs 
A and C by the width of the pulse. The 100uuf 
capacitor contributes to the delay and was 
probably added for that purpose. 


5.3 Additional Design and Performance Data: 
A large number of variations of the basic blocking 
oscillator circuit were tested. The 12AT7, 12AY7, 
and 6AK5 were tried in addition to the 12AU7. 
The 12AU7 was selected on the basis of higher 
cathode emission and plate current ratings. The 
stability with the 12AY7 is slightly better, but it 
was rejected because its ratings are 50% lower 
than the 12AU7. 


+300V +300V 


(oa) BASIC CIRCUIT (b) CATHODE RESISTOR — 150 OHMS 


+ 300V 


(c} GRID RESISTOR TO B+ 


+300V 


(d) TRANSFORMER VOLTAGE CLAMPED (e) 


{c) AND (d} COMBINED 


Fig. 5-7 BLOCKING OSCILLATOR P R F GENERATOR 
CIRCUITS TESTED FOR FREQUENCY STABILITY 


SIMPLIFIED SCHEMATICS TUBE TYPE - 58144 


Using the 12AU7, several circuit configurations 
were tested for frequency stability versus supply 
voltage and tube changes (fig. 5-7). 


The measurements of stability versus supply 
voltage change were made with twenty tubes 
covering the range of MIL specifications in 
transconductance and plate current. None of 
the circuits were sensitive to plate supply voltage 
changes or to increases in filament voltage. In 
the worst case, the frequency changed less than 
2% for a 10% voltage change. Circuit perform- 
ance deteriorates rapidly when the filament 
voltage drops below its rated value. For a 10% 
drop in filament voltage, the frequency change 


varied froin +2% in the case of circuit (b) to 


+12% in the case of circuit (c). The diode clamps 
in circuits (d) and (e) had little effect on perform- 
ance at low filament voltages. 


The effects of changing tubes without any 
adjustment in the circuit are shown in table 5-1, 


-which summarizes the results with 13 tubes cover- 


ing the range of MIL specifications. For com- 
parison, a factor of merit is obtained by dividing 
the range over which the frequencies varied by 
the average frequency. In this case, the circuits 
with the clamping diodes gave the best results, 
but frequency adjustment is still required because 
of the 11% frequency change with change in tubes. 
The improvement in frequency stability did not 
justify the use of an extra cathode, and circuit (b) 
was selected for the preferred circuit on the basis 
of its performance at low filament voltages. 


TaBLeE 5-1—Effect of Tube Changes 
on PRF of Blocking Oscillator Circuits 


(Big 5) _|trecuaney|trouenay ftsnectey| Bence |,Ranee/, 
cps cps cps eps | Percent 

(C) eee ee 940 | 1075 990 135 13.6 
(()) Eee ee 949 | 1103} 1002 154 15.4 
(@)s2222 55.2222 975; 1153 | 1044 178 17.0 
(d)c2s--s225u 957 | 1058 992 101 10.2 
 (-) eee 981 1091 1022 110 10.8 


Nore: Thirteen tubes representative of the range of 
MIL specifications were used in making these tests. The 
frequency of each circuit was adjusted to 1000cps with a 
tube near the center of the MIL range, after which no 
circuit adjustments were made. 


6. TRIGGERED BLOCKING OSCILLATORS 


Triggered blocking oscillators are used to 
produce high-amplitude pulses of current or 
They are often used for modulator 


voltage. 
triggers, multivibrator triggers, and pulse shapers. 


6.1 Examples of Circuits in Current Use: To 
determine the ranges of performance required for 
triggered blocking oscillators, 31 circuits were 


-105V 


TRIGGERED BLOCKING OSCILLATOR 


NEGATIVE BIAS 
Fig 6-! 


examined. The five examples shown in figures 6-1 
through 6-5 represent the different configurations. 
Table 6-1 summarizes the characteristics of all 
31 circuits. In the table the use has been desig- 
nated “display” when the blocking oscillator 
output is presented as video information, and 
“trigger’’ when the function is one of shaping or 
triggering. In most cases the load impedance was 
estimated from the circuit diagram. 
(a) Bias methods: 

(1) Negative bias: More than two-thirds of 

the circuits obtained bias by applying a negative 


voltage to the grid as shown in figure 6-1. This 
method has the conflicting requirements of low 
resistance in the grid circuit and low current drain 
from the bias supply. Some saving in the size of 
the bypass capacitor is possible, since the grid 
current is smaller than the cathode current. 

(2) Positive bias: About a quarter of the 
circuits used a positive voltage obtained from the 
plate supply for cathode bias (fig. 6-2). Positive 


+250V 


OUTPUT 


TRIGGERED BLOCKING OSCILLATOR 


POSITIVE BIAS 
Fig. 6-2 


bias wastes more power than negative bias, but 
in the majority of these circuits it eliminated the 
need for a negative supply voltage on the 
chassis. 

(3) Series cathodes: This less generally 
applicable method, shown in figure 6-3, was used 
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TRIGGERED BLOCKING OSCILLATOR 
SERIES CATHODE BIAS 
Fig.6-3 


in only two cases. An adjacent tube whose 
cathode resistance can be tapped to furnish the 
blocking oscillator bias is required. Apart from the 
fact that such a tube is not always available, this 
method is likely to result in interaction between 
the two circuits. 

(b) Trigger methods: The triggering methods 
were equally divided between series and parallel. 

(1) Series trigger: Most examples of this type 
used a cathode follower in series with the grid 
return to furnish a positive trigger (fig. 6-1). A 
few used the plate circuit of an amplifier as the 
series element (fig. 6-3), requiring a normally- 
conducting amplifier to furnish the positive trigger 
and resulting in a higher series resistance in the 

_ grid circuit. 

The series trigger minimizes the time delay 
between the start of the trigger and the blocking 
oscillator pulse. The principal disadvantage is the 
blocking oscillator reaction on the trigger source 
because of the heavy grid current flow. 

(2) Parallel trigger: In all but one of these 
cases, the trigger was applied in parallel with the 
plate. The majority of the circuits used one wind- 
ing of the blocking oscillator transformer as a 
common load for the trigger amplifier and block- 
ing oscillator as in figure 6-4. Some used inductive 
coupling between the trigger amplifier and the 
blocking oscillator (fig. 6-2), while in. the circuit 
of figure 6-5, the trigger is applied directly to the 
grid. 

There is more delay associated with parallel 
triggering than with series, but there is less 
reaction on the trigger source. Because of the 
differentiating action of the transformer, a slowly 


TRIGGERED BLOCKING OSCILLATOR 
GRID WINDING OUTPUT 


Fig. 6-4 
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OUTPUT A 


OUTPUT B 
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TRIGGERED BLOCKING OSCILLATOR 
PARALLEL TRIGGER TO GRID 


Fig. 6-5 
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TasLe 6-1—Blocking Oscillators Survey—Summary 


Output , 


N6-3 


8.P.R. = Series plate resistor. 


Example 
fe rage | 2B as ies 
ube er i 

Equipment} Circuit type ie method —- one peeon Henplienss pean 
Asszscce | es 12AU7_._| Trigger---.| Series_---- 3333____.- Cathode. --| 1.2.....--- ( eee 40K 
papers 12AU7_.-| Display...} Series_---- 12.323 2.2c Cathode--.-| 0.66...-.-- | eee 100K 
Bost. 12AU7___| Trigger...) Series_--_- 3333_..__- Tertiary. .-| 1.2....-.-- *150_____. 50K 
Trigget <2. |ocsceeecse-|sseeeeee4 2 Plate. 2 2. -|- sev ceeee *150___--- 22K 
F” oer 12AU7_.-_| Display.-.| Parallel___] 3333_-_.-- Tertiary.--| 1.2..----- *150.__-_- 100K 
Trigger___.|_----------|---------+- Plate: 222}2 2225-222 *150___.-- 22K 
| eee 12AU7__.| Display.._} Parallel. _-| 3333_-_..-- Tertiary_-.| 1.2..----- *150....-- 100K 
Trigwer.-.-}22-.222525-|--2<6----<- Platé. 2. 4|-sscee0--<< *150.._-_- 110K 
Trigger....|__.--.-----]-----~+---- Cathode_.-|__.._.-.--- 410. 222.. 1.5K 
6_.---- 12AU7___| Trigger__._| Parallel. __| 3333_..-_- Tertiary_-_| 2* *150....-- 50K 
(eee 12AU7__-_| Trigger_.-.| Parallel. _-_| 3333_...-- Tertiary_.-| 2*__...--.- *150_____- 50K 
Sicccut 12AU7___| Trigger....| Parallel. _-_| 3333_.._-- Tertiary_._| 2._..----- *150___.-- 50K 
Qsesces 2C51__--- Display -.-| Parallel. --) 3333_----- Cathode_..| 2*....---- *10...... 1K 
Beseved | ee 6J6_..--- Trigger_...| Parallel. -_| 3333_-__-- Tertiary _.-| 3...------ 340.._.-- 10K 
2. es 6J6__..-- Trigger_.._| Parallel_-_| 3333_-_--.- Cathode_.-_| 3_-.------ 9.25222 10K 
eae 12AU7__-.| Trigger..-.| Parallel. __| 3333__...- Cathode. .-] 2*____.--- 1022.22 30K 
ee 6J6___--- Display ..-| Parallel. --| 3333---.-- Grid___-.-- Mecs2ubo55 3 100K 
Ceecsic | Kaper 6AK5...-| Display--_| Series----- 625-5000__| S.P.R._--.-] 2*_-.----- 40... 30K 
Trigger...) .--=-2.--4|s-ss+---56- Cathode._.| -..------- 20.--.-- 100K 
) oe 6J6_..--- Trigger___-| Series_-.-- 625-5000.-.| S.P.R...-.-| 2*-._..--- 60. -..-- 100K 
Display s-) 2-5 sdc0sce [eee esoness Cathode. _.) --.------- 16222224 50K 
+: 6AK5__-_.| Trigger_...| Series___-- 625-5000__| S.P.R.-----] 1*-------- 80...--- 30K 
Triggeriss-| «--2-----|s-sees--65- Tertiary. --|.---------- 80......| 50K 
5 eee 6AK5....| Display. ._| Parallel__-| 625-5000._| Cathode_.-} 1*__...-.- Wers.es 100K 
| eee 6C4___._- Trigger_...} Parallel. __| 625-2500_.| Tertiary_._| 2*...----- 20-32<-- 50K 
Disses : eee 12AT7_.-| Display. --| Series----- 305. -.---- Cathode. __| 1%_...---- 13220055 100K 
armen 12AT7..-| Display. --| Series----- 12.2._.._. Cathode.__| 1%_..----- 16_..---}. 50K 
Biss oees | eee 12AU7__-| Display---| Parallel_--| 1250-5000_| Tertiary--..| 0.75 or 3.5- 32__-..- 30K 

Trigger =. <-|252 242s ce0|-<¢-cc0de55 Cathode---|-- geceseSey | er 100 
p eee 6C4_....- Display -_| Parallel___] 1250-5000.) Cathode---| 0.75 or 3.5_ 18.225. 50K 
Fuesc i; 5 epee 12AU7__-| Trigger-..-|-Series_---. 3700_.-.-- Tertiary__-| 2*..-.---. 260_.-_--]. 50K 
> een 5702____- Trigger_...| Series_-_--- 3700... .-- Tertiary_..| 2*_--_-_.-- 56_.---- 30K 
bee 5702....-- Trigger....| Series_-__- 3700-..--- Tertiary_..} 2*__------ 80_..--- 100K 
Trigger. =< -|--5--¢-2-5-|s--3-2s¢-22 Platéez:< 322|2ccc25-225 60_..--. 30K 
Bocuse 5702_.--- Trigger_...| Series__-__- 3700-_--.-- Tertiary__.| 2*__.-..-. 60...--- 30K 
Trigger. .:|-=<22522--|--25-2-s2t2 Plate... .22|2c2ecucse.5 60..---- 50K 
ees 5702_.... Trigger_.__| Series_..-- 3700_..--- Tertiary___} 2*_-----.- "60-2520 50K 
Trigger: . .-|-222-2=+---|-<---225-5- Plate_.__-.|----------- YS 50K 
6..---- 5702___-- Trigger_---| Series_--.- 3700-_.---- Tertiary_.-| 2*...-.--- 60..---- 100K 
Ussccan 5702_-_.- Display; .-| Series_.--- 3700. ---- Cathode. --| 0.4*_-....- ee 100K 
aaa 5702___.- Display _.-| Parallel-_- 6liwstee Tertiary_.-) 0.4.__-._.- 7) aga 40K 
Giese Petes 5703_--_-- Display...| Parallel___| 247..---- Cathode. -_-| 1*-------- 20...-.- 100K 
Notes: * = Estimated. 
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rising trigger is not as effective as when applied 
directly to the grid. 


(c) Outputs: The outputs from the blocking 
oscillators were of one or more of the following 
types. 

(1) Cathode: A majority of the circuits 
obtained one of the outputsfrom a cathode resistor 
(figs. 6-2 and 6-5). This gives a positive output 
from a low impedance source. Amplitudes up to 
50v can be obtained with cathode resistors of 
2200 or less. 


(2) Tertiary: A third winding on the block- 
ing oscillator transformer (fig. 6-1) was frequently 
used. Either polarity may be obtained by this 
method and the output can be isolated from 
ground (fig. 6-3). Overshoot can be eliminated by 
means of a diode if necessary. 


(3) Plate: A negative output from the plate 


was used frequently where more than one output 
was required. 

(4) Series resistor in plate circuit: There were 
a few cases of series resistors in the plate circuit 
(fig. 6-1). The output is the same as the cathode 
output but negative in polarity. 

(5) Grid winding: There was one example of 
a positive pulse output obtained from the grid 
circuit (fig. 6-4). 
6.2 Summary of Circuits in Current Use: From 
this survey the conclusion was drawn that most 
triggered blocking oscillator requirements can be 
met with two very similar preferred circuits: one 
for low pulse rates and one for high pulse rates. 
The requirements for various outputs can be met 
by allowing choice of load resistor and point of 
taking output. The series-triggered blocking 
oscillator was added to cover applications where 
the trigger rise is too slow for parallel triggering. 


7% BLOCKING OSCILLATOR PULSE-FREQUENCY DIVIDERS 


Blocking oscillator pulse-frequency dividers 
are used to divide from a high to a low pulse 
frequency. Although usually employed in the 
generation of distance-marks for radar indicators, 
they are sometimes used in a master-trigger 
circuit to produce pulse repetition frequencies. 


+300V 


POSITIVE 
TRIGGER 


(2AU7 


DISTANCE MARKS 
Out 


Fig. 7-| PLATE-TO—GRID COUPLED 


7.1 Ezaniples of Dividers in Current Use: The 
following is a summary of the various blocking 
oscillator pulse-frequency dividers found in equip- 
ments during a survey. The circuits are shown in 


figures 7-la through 7—1d. 


DIVIDED BY 


220 


(d) 
PLATE-TO-CATHODE-TO-GRID COUPLED 


Fig. 7-1 


(a) Plate-to-Cathode Coupled: The turns ratio 
of the plate winding to the cathode winding is 
2 to 1, which is a convenient ratio with ordinary 
pulse transformers. It is necessary for this ratio 
to be greater than unity to enable the plate 
circuit to drive the lower impedance cathode 
circuit, thus permitting a loop gain greater than 
unity. A-turns ratio of 2 to 1 is satisfactory for 
most purposes.! Although this type of circuit is 


1 Britton Chance, ed., Waveforms, Rad. Lab. Series, vol. 19, McGraw-Hill, 1949, p. 228. 
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more stable with heater voltage variations than 
other blocking oscillator circuits, the delay from 
the start of the input pulse to the start of the out- 
put pulse is greater. This is because the initial 
slope of the output pulse is smaller in the plate-to- 
cathode coupled type.2 The diode in the grid 
circuit is used to insure that the capacitor dis- 
charge starts from the same voltage at the end of 
each output pulse. The shunt capacitor on the 
cathode resistor serves to eliminate the overshoot 
on the output pulse. 

(b) Plate-to-Grid Coupled: This arrangement 
of the feedback circuit with step-up turns ratio 
yields higher output pulse amplitudes than a 1 to 
1 turns ratio. The pulse delay, however, for a 
given input-trigger rise time is greater than when 
the turns ratio is 1 to 1. Controlling the circuit by 
varying the grid bias is undesirable for general 
application. The range of control by bias variation 
is not as wide as by variation of the grid resistance. 
If the original bias is set higher to increase the 
control range, then the required trigger amplitude 
becomes correspondingly greater, increasing the 
chances of instability. 

(ce) Plate-to-Grid Coupled: This connection of 
the transformer windings to give a voltage step- 
down to the grid yields maximum peak pulse 
voltages at the plate and maximum pulse dura- 
tion from a given transformer. The latter is true 
because this arrangement increases the inductance 
of the plate winding and lowers the magnetizing 
current. However, the pulse delay is greater for a 
given trigger rise time than when the turns ratio 
is 1 to 1. 

(d) Plate-to-Cathode-to-Grid Coupled: Since the 
grid-to-cathode loop of this circuit is not con- 
nected to ground, parallel triggering must be 
employed. Output pulses cannot be taken from 
the cathode since the trigger is applied at that 
point. The voltage and current pulses obtained 
from this circuit are smaller than from other types. 
The division ratios are much higher than recom- 
mended because stability of count is unimportant 
in this case. This circuit will operate free running 
when no input triggers are received because of the 
absence of fixed bias. 

7.2 Summary of Types in Current Use: 
circuits previously discussed were designed for 
specific purposes. Although the disadvantages 
pointed out may be tolerated, they become detri- 
mental in a general application. The character- 


The: 


istics desired are as follows: (1) small pulse delay, 
(2) wide range of control, (3) provisions for 
operation with a periodic pulse train, and (4) the 
feasibility of obtaining positive voltage pulses of 
reasonable amplitudes. From the discussion of 
this survey it appears that most blocking oscillator 
pulse-frequency divider applications can be met 
by the use of a circuit with a 1 to 1 feedback ratio 
from plate to grid, fixed grid bias, and control of 
the grid circuit resistance. 

7.3 Additional Design Data for PC 50 and 61: 
Fixed bias is necessary when operation is inter- 
mittent to keep the frequency divider cut off when 
no synchronizing triggers are received and to: 
insure that operation begins at the start of the 
gate. The bias voltage used’ should be large 
enough so that a —10% change does not bring 
the tube within the conducting region when no 
input pulses are received, and small enough so that 
the trigger amplitude may have a reasonably small 
value. 

At the end of the eutput pulse the bias of any 
blocking oscillator has increased to several times 
the quiescent value due to the grid current flow 
during the pulse. The time required for the bias to 
recover to the quiescent value is a function of the 
grid circuit time constant. The bias level at which 
the blocking oscillator fires is not only a function 
of the grid circuit time constant, but also of the 
trigger amplitude. In frequency dividers it is 
necessary to trigger on the relatively steep portion 
of the discharge curve for maximum discrimina- 
tion between the desired trigger and the ones 
immediately adjacent. A method of calculating 
the points at which the change in grid voltage is 
maximum between the nth and (n-1)st trigger 
pulses follows: 

The magnitude of the grid voltage at any 
instant after termination of the output pulse is 


eg =He/PC4 Fe... 


where £ is the voltage across the grid capacitor at 
the beginning of the discharge, E.. is fixed bias 
(fig. 7-2), and « is the natural logarithm base. 
The change in the grid voltage in the interval 
between the nth and the (n-1)st triggers is © 


Ae, =Ele ~t/RC Z —mt/RC ] 


n-1 
where m=—. 
n 
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Fig. 7-2 VOLTAGE ACROSS C, 


By differentiating and equating the derivative 
to zero, Ae, maximum occurs when 


—t/RC —mt/RC 
eo VRC yt 


or when 7/RC=n In Lin 


r— 
This is the general formula used in figure 7-3. 


= GRAPH FOR DETERMINING 


OPTIMUM TRIGGER POINTS 


€ = INITIAL GRID VOLTAGE 
N = DIVIDER COUNT 


90% OF 
MAXIMUM CHANGE 


GRID VOLTAGE CHANGE IN PERCENT OF E 


Seq 
=. 


TYRC 
Fig. 7-3 


The optimum values of T/RC for counts of 2, 3, 4, 
and 5 are 1.4, 1.2, 1.14, and 1.12 respectively. 


These results have been verified experimentally. 

The magnitude of this change depends on the 
capacitor voltage, H, at the beginning of the dis- 
charge. This capacitor (C1 in PC 50 and 51) is 
charged to E by grid current. The major portion 
of the grid current flows in a series circuit consist- 
ing of the output impedance of the trigger source, 
the capacity C1, the impedance of the grid wind- 
ing of the transformer, and the internal grid-to- 
cathode resistance of the blocking-oscillator tube. 
Hence, the magnitude of EF depends on these 
quantities. 


First, the initial voltage to which the coupling 
capacitor charges is partially governed by the 
impedance of the trigger source. This impedance 
is in series with the coupling capacitor; hence as 
the source impedance increases, the capacitor 
voltage decreases. When the source impedance is 
4000 or less, it is a small portion of the total 
impedance in the charging circuit and therefore 
has negligible effect on the initial voltage. If the 
impedance is increased to 15009, however, the 
initial voltage is reduced to 50% of the value at 
4000. 


The initial voltage to which the capacitor 
charges is inversely proportional to the capaci- 
tance; therefore C1 must be small to realize a 
large initial voltage. However, to obtain the 
desired pulse width and minimum attenuation of 
the synchronizing trigger, C1 must be large. The 
effect of C1 on trigger attenuation, pulse width, 
and E for typical transformers rated for pulse 
widths between 0.5 and 2.0usec is shown in figure 
7-4. 


EFFECT OF COUPLING CAPACITOR, C, 


100 


RIGGER AMPLITUDE AT 
GRIO FOR CONSTANT INPUT 


OUTPUT PULSE WIOTH 


a 


INITIAL VOLTAGE FOR 
CONSTANT SOURCE IMPEDENCE 


IN PERCENT MAXIMUM 
8 


TRIGGER AMPLITUDE AT GRID AND OUTPUT PULSE WIOTH 
INITIAL VOLTAGE IN VOLTS 


° ° 
9001 001 Ol 
Fig. 7-4 COUPLING CAPACITOR IN MICROFARADS 
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The combined impedance of the transformer 
grid winding and the grid-to-cathode resistance of 
the tube ranges from 1000 to about 20000. 

The maximum and minimum trigger amplitudes 
for tubgs.and limit transformers (the transformers 
for which the initial voltage EH across the 
coupling capacitor is 50v for the low limit and 
150v for the high) are shown in figure 7-5. To 
permit triggering with a 30v pulse, the grid circuit 
time constant must be variable over the limits 
shown. It will be noted that the range over which 
T/RC must be adjusted to cover the limit trans- 
formers and tubes is comparable to that shown in 
figure 7-3 over which the capacitor voltage change 
between the nth and the (n-1)st triggers is within 
10% of the maximum change. 


MINIMUM AND MAXIMUM TRIGGERS 
BASED ON EXTREME TUBES AND 


TRANSFORMERS AT - 27V BIAS- 
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Eg= €; +(Eg~Eco) 
where ey = Ee” RE 


E =50V 
Eco = 19.4V 
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Fig. 7-5 RC 


The grid resistors, Rl, R2, R3, and R4 in PC 
50 along with Cl comprise the grid discharge 
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Sar i 
At Tike 7. 
circuit. In consideration of the fact that the total 
grid resistance should not be excessive, the 
coupling capacitor employed is large for a large 
output pulse spacing. With 1500uzf, the maxi- 
mum grid resistance, which occurs.at an output 
@t PF of 200, is 4.75Mo. The maximum grid 
resistance, #, (max.), is based on the lower limit of 
T/RC=0.7 and the minimum is based on the 
upper limit of T7/AC=2.2. The difference between 
R, (max.) and R, (min.) is the value for the poten- 
tiometer, Rl, which can be adjusted to cause 
triggering between the desired limits. R1 thus 
becomes more than sufficient to allow for varia- 
tion in grid current in the positive grid region. 
Although grid current data are not ordinarily 
given in tube manuals, these data can be deter- 
mined by test. For a large sample of 12AU7’s, 
this variation was found to be in the order of 
+20%. Clamping the grid has little effect on 
reducing this variation. 

A circuit showing a method of cascading 
dividers to obtain up to 50-mile range markers 
from one-mile markers is shown in figure 7-6. 


+TRIGGER 
O 


Fig. 7-6 CASCADED DISTANCE MARK DIVIDERS 


A, B, and C are the points at which 2 to 5, 10 to 25, 
and 20 to 50-mile distance marks, respectively, 
may be obtained. The cathode resistor used 
should be that which gives an open circuit output 
of 30v. If 10 and 20-mile distance marks are 
desired from the second and third dividers, the 
grid potentiometers may be replaced by 500Ko 
and 1Me potentiometers, respectively. 

The width of the pulse obtained from this 
circuit depends partly on the primary inductance 
of the transformer and partly on the coupling 
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capacitor, with the effect of the coupling capacitor 
becoming more predominant as the primary 
inductance is increased. The width will be less 
than that specified for the transformer if the 
transformer is rated for the pulse duration 


obtainable when the primary inductance alone is 
the determining factor. Therefore, if the pulse 
width is critical, the choice of transformer must 
be made empirically. 


8. DISTANCE-MARK GENERATORS 


Eight distance-mark generators which are used 
in airborne search radars were examined. The ‘a fs 
distance-mark (DM) generator is composed of a 
series of circuits which form timed pulses. These 
circuits are a switched Hartley oscillator, a trigger 
shaper, and a! blocking oscillator. The switched 
oscillator and shaping circuit are interdependent 
in operation and should be treated together. The 
blocking oscillator which terminates the chain is 
also discussed in section 7. A tabulation of DM 
generator characteristics is given in table 8-1, 
and schematic diagrams are shown in figures 
8-1, 8-2, 8-3, and 8-4. 

These medium-precision DM generators all use 
a Hartley oscillator to determine the marker 
interval. A distinction must be made between the 
spacing and mileage range. DM spacing is a 
uniform spacing such as a marker every. five miles, 
whereas the range is the sum of the spacings and 
is determined by the length of the input gate. 

The sequence of operation of the generator is as 
follows. The switch tube is normally conducting 
through the inductance and prevents oscillation. 
When a negative gate is applied, the switch tube 
is cut off, starting the oscillation. The sine-wave 
is initially negative-going, and the spacing must 
be determined by the interval between the nega- 
tive-going portions of the sine-wave. The trigger 
shaper squares and peaks the wave and provides 
the trigger for the blocking oscillator which is the 


OM GENERATOR USING MV SHAPER, BIASED CATHODE BLOCKING OSCILLATOR 
Fig. 8-1 


TABLE 8-1—Distance-M ‘ark Generator Characteristics 


Example | apace, «| Type | DPE Bwitch | Tube tree Triceer Blosking 
A..-| 2,5,25...._.-.. MV1_] Parallel, Third W.?} 4 12AU7-| ¥4 12AU7_ ¥% 12AU7_| 4% 12AU7_| 6C4. 
Bu wc|.essecenn catien MV.._| Parallel, Third W..| 14 68N7_-} 14 6SN7_-| 14 6SN7__| 14 6SN7_.| 14 6SN7. 
C...| 136 uses di-| MV--]| Parallel, Third W..) 5719__-.-- §877_..--- §977____.- 5977___.-- 5702. 
vider for 5 
and 10. 
D-__-| 2,5,10,20,50...| MV-_--| Parallel, Third W.-| 6C4..-.--- 6C4__.-_- 4 6J6___-| 4% 6J6__.-| 6AK5. 
E..-| 1,divider,10,20.| Amp!}_]| Series_-._.-------- 14 12AU7_| 44 12AU7_| 6AU6_-_-_-- ¥ 12AU7_| 14 12AU07. 
Fic) 20sec eels Amp.-| Series_.----------- 5703_..--- 5703___.__-| 5702___-_-- 5703._-.-- 5703. 
G_..| 2,6,25_... 22 _- Amp--| Series___-_-------- ¥% 12AU7-_| 14 12AU7-_| 6BN6-_--_-- ¥ 12AT7.| 44 12AT7. 
H_-_.} 10,40._.--.... Amp--| Parallel. ..---..--- ¥% 12AU7_| 4% 12AU7_| 14 12AT7-_| 4 6J6.--- % 6J6. 
NOTEs: 


1. MV, monostable multivibrator; Amp, over-driven amplifier. 
2.. Third winding of blocking oscillator transformer. 


392077 O -56 -13 N8-1 


Notes TO THE PREFERRED Circurrs MANUAL 


NAVAER 16—-1-519 


SPACING 


2 SWITCHED WITH 
OM 
1SK 


(a) 


DM GENERATOR USING MV SHAPER 
Fig. 8-2 


source of the narrow marker pulses. These pulses 
are mixed into the video chain. 

Although only one type of oscillator is used, 
there are two basic trigger circuit configurations: 
these are the squaring-and-peaking amplifier and 
the monostable multivibrator which can also be 
looked upon as an amplifier with positive feed- 
back. The amplifier shaper is used in circuits e, f, 
g, and h; the multivibrator is used in a, b, c, and d. 

The method of triggering the blocking oscillator 
is similar for all circuits using the monostable 
multivibrator; in this instance parallel triggering 
is accomplished through a third transformer 
winding. Parallel triggering is also used with the 
shaper-amplifier circuit, figure 84h. The other 
amplifier circuits, e, f, and g, use series triggering. 

Two methods are used to obtain different DM 


spacings. One method is to switch L,C and R such 
as is done in figures 8—1(a and b), 8-2d, 8-4(g and 
h). The second method used is to employ a basic 
spacing such as 1 mile, and for greater spacing to 
divide the markers by means of blocking-oscillator 
frequency dividers. Circuits c and e use this 
method, although the frequency divider is not 
shown. 


OM GENERATOR 
USING PENTODE AMPLIFIER SHAPER, 
SERIES TRIGGERED BLOCKING OSCILLATOR 


DM GENERATOR 
USING PENTODE AMPLIFIER SHAPER, 
SERIES TRIGGERED BLOCKING OSCILLATOR 
Fig. 8-3 


The triode is used extensively in DM gener- 
ators; of the 40 tube sections only five are not 
triodes. The two pentodes used in the blocking- 
oscillator section are connected as triodes. In the 
trigger-shaper amplifiers, two use pentodes and 
one uses a gated beam amplifier. The DM gener- 
ators using the MV shaper use triodes throughout, 
and the generators using amplifier-shaper use all 
triodes except for the squaring stage, where a 
pentode is used. 
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OM GENERATOR 
USING GATED BEAM AMPLIFIER SHAPER 
SERIES TRIGGERED BLOCKING OSCILLATOR 


GENERATOR USING AMPLIFIER SHAPER. 
BLOCKING OSCILLATOR OUTPUT TO GRID 
Fig.8-4 


9. DELAY CIRCUITS 


Means of obtaining time delays are an essential 
part of pulse systems in which the control and 
measurement of time relationships are necessary. 
Vacuum tube circuits provide a versatile means of 
obtaining both fixed and variable delays. Passive 
delay networks are also used but will not be 
considered in this section. 


In the equipment surveyed, two types of time 
delay circuits were common: fixed delays of less 
than 100usec and delays which are variable from 
0 to 2500usec. The principal circuit types used to 
perform these functions were the multivibrator, 
bootstrap, and phantastron. There were one or 
two examples of simple RC circuits used to gener- 
ate fixed delays by triggering a blocking oscillator, 
but these were a minority. Phantastrons and 
bootstraps used as a part of sweep circuits, auto- 
matic tracking circuits, and automatic frequency 
‘control systems are not included here since, in 
general, these circuits must be considered as a unit. 


30 psec FIXED DELAY 
Fig. 9-1 


9.1 Fixed Delays: Figure 9-1 shows examples of 
fixed delay circuits. Example 9-1a is a simple type 
of bootstrap and 9-1b is a multivibrator; both are 
used to provide a buffer interval between: syn- 
chronizing and video information in a radar relay 
transmitter. -In each case an accuracy of +10% 
is sufficient. 

There is little choice between the two circuits 
on the basis of complexity, number of tubes, or 
accuracy. The accuracy of the multivibrator is 
not as good as the bootstrap but is more than 
adequate for the application. The bootstrap 
suffers from the disadvantage of requiring a gate 
at least as long as the desired delay. In the 
system in which the bootstrap is used, the gate was 
needed for other applications and therefore was 
available without additional circuits. However, 
the multivibrator is a better choice for general 
applications since it can be triggered by a pulse 
(see PC 41). 

The phantastron was not considered in this 
application since it offers no advantages when 
accuracy is not required. For accurate fixed 
delays it is better than the multivibrator because 
its performance is less dependent on tube charac- 
teristics. The smaller capacitor required to 
generate a given delay may be an advantage in 
some cases. 


9.2 Variable Delays: 

(a) Precise: For variable delays, the bootstrap 
and phantastron are used interchangeably. 
Figures 9-2a and 9-3a show two bootstrap circuits 
which were replaced in later models of the same 
equipment by the phantastron circuits shown in 
9-2b and 9-3b. 

The phantastron circuit of figure 9—-2b with two 
cathodes developed the 50 to 350usec delay that 
had formerly been generated by the bootstrap 
circuit of figure 9-2a using eight cathodes. Both 
circuits are capable of the required 0.5% accuracy. 
The circuits preceding and following those shown 
are almost identical; that is, the trigger and 
control voltage are furnished by similar circuits 
and the outputs of both circuits drive blocking 
oscillators. The bootstrap circuit requires a 
multivibrator to generate the necessary gate and 
two stages of amplification following the compara- 
tor diode to sharpen the output waveform. The 
phantastron circuit furnishes its own gate, and 
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eliminates the necessity for the amplifiers by 
using a higher than normal cathode resistor and 
triggering the blocking oscillator with the trailing 
edge of the cathode waveform. 

In figures 9-3a and 9-3b, a bootstrap circuit 
and a phantastron are again used interchangeably. 
The two circuits are triggered by a gating multi- 
vibrator, both receive their control voltages from 
ten-turn potentiometers calibrated in distance 
units, and both drive blocking oscillators through 
transformers of similar construction. The 
accuracy required is 6usec or 1% of the delay 
setting, whichever is greater. 

In this case the gate-generating multivibrator 
cannot be eliminated with the change to the 
phantastron, and no saving in tubes results. Some 
economy of cathodes in the phantastron circuit 
could have been obtained by more conventional 
methods of triggering and obtaining the output. 
The cathode follower in the phantastron circuit 
is necessary to minimize the recovery time (the 
duty factor is 75% in this case) and the diode- 
connected 12A U7 is used to compensate for heater 
voltage changes. 


0-200 MILE DELAY 
ci ees 

(b) Nonprecise: Figures 9-4 through 9-6 
show phantastron circuits from three different 
equipments. Each of these circuits is used to delay 
the beginning of a cathode-ray tube sweep for 
expanded displays. The accuracy requirements 
are low since no measuring is done with the delay 
circuit, but good stability is required. The circuits 
all use the 6AS6 or one of its equivalents for the 
phantastron. 


VARIABLE DELAY — 5 TO 175 MILES 
Fig.9-4 
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Circuit 9-4 is a true cathode-coupled phantas- 
tron. The recovery time is minimized by using a 
small grid capacitor and limiting the maximum 
control voltage to about 70v. The R,C, product 
must be correspondingly increased by using a 
large grid resistance. The trailing edge of the 
screen waveform is differentiated and used to 
trigger a blocking oscillator through a trigger 

~ amplifier. 


VARIABLE DELAY— 0 TO 5, 60, AND 200 MILES 
Fig. 9-5 


Circuit 9-5 is a cathode-coupled phantastron 
with some additional coupling obtained by return- 
ing suppressor and screen to the same divider. 
The cathode follower reduces the recovery time 
and also provides a low-impedance point for the 
range switching. The trailing edge of the screen 
waveform is again used to trigger a blocking 
oscillator. 

Circuit 9-6 is similar to 9-5 but employs sub- 
miniature tubes and is triggered by a positive 
pulse on the suppressor rather than a negative one 
on the plate. The crystal diode is used to prevent 
the phantastron operation from being interrupted 
by the trailing edge of the trigger. A positive 


VARIABLE DELAY 0 TO 190 MILES 
Fig. 9-6 


trailing. edge is required in this case and the plate 
waveform is used because its amplitude is greater 
than the cathode signal. The cathode follower 
is helpful in this application because of its low- 
impedance output and because it sharpens the 
plate rise at the end of rundown by reducing the 
recovery time. 

It can be shown theoretically that both the 
phantastron and the bootstrap are capable of 
0.1% linearity. For this accuracy the number of 
tubes in the two circuits is about the same. The 
bootstrap has a slight advantage over the phantas- 
tron in this respect because the tube types used are 
diodes and triodes, which are usually very 
common in pulse equipment, while the tube used 
for the phantastron may be the only one of its 
kind in the set. 

The bootstrap requires a gate at least as long as 
the maximum delay; in many cases an additional 
multivibrator must be added for this purpose. 
Since the phantastron produces its own gate, a 
short trigger pulse is all that is required. Positive 
or negative outputs with well-defined leading 
edges may be obtained readily from the phantas- 
tron. The bootstrap output is usually positive and 
has a slower rise than the phantastron. 

The phantastron was picked as the preferred 
variable time delay circuit on the basis of its 
flexibility in triggering and outputs. In many 
cases the use of the phantastron will result in a 
saving in tubes as well. . 


10. MAIN GATE MULTIVIBRATORS 


The main gate multivibrator used in radar 
equipment and other applications provides the 
gate during which the display sweep is generated, 
together with gates for generating waveforms 
which must be coincident with the display sweep. 
In nearly all cases, the gate for unblanking the 
cathode ray tube is obtained from this source. 
In those equipments in which no delayed sweeps 
are used, the gate for opening the range-mark 
switch tube may also be obtained from this circuit. 
The main gate multivibrator sometimes provides 
gates for generating the range strobe and for 
sweep centering. In some instances, an output 
from this multivibrator is differentiated to provide 
a pulse either at the leading or trailing edge of the 
main gate. 

The main gate multivibrator must provide as 
many different gate lengths as there are range 
sweeps on the associated display. When only two 
different range sweeps are used, this is usually 
accomplished by ganging the timing elements in 
the multivibrator with those in the sweep circuit. 
When a continuously-variable range sweep or 
more than two fixed range sweeps are used, how- 
ever, the gate is often terminated by a shutoff 
pulse applied to the multivibrator. In these. cases, 
it is only necessary that the period of the multi- 
vibrator as determined by its own RC circuit be 
longer than the longest gate period desired. To 
insure reliable triggering by the shutoff pulse, 
however, some circuit refinements in the multi- 
vibrator may be necessary. The use of a shutoff 
pulse, besides requiring another tube, also has the 
disadvantage that, in some cases, no output can 
be taken from the multivibrator electrode to 
which the shutoff tube is connected, since the shut- 
off tube may introduce a disturbance at this point 
prior to the actual transistion. 

In most cases, it is only the leading edge of the 
main gate that must be extremely fast, the trail- 
ing edge serving no critical timing function. 
Negative-going leading edges are used whenever 
possible, since a fast negative-going gate is 
relatively easy to obtain from almost any elec- 
trode except the cathode. A fast rise on the plate 
of a multivibrator tube can be obtained only if no 
cross-coupling capacitor is tied to this point. 
When a plate-to-grid coupled monostable multi- 
vibrator is used, a positive gate with a fast leading 


edge may be obtained from the plate of the multi- 
vibrator that is de coupled to the opposite grid. 
In such cases, the value of the commutating, or 
speed-up, capacitor in parallel with the resistor 
connected between the plate and the grid of the 
opposite multivibrator tube should not be much 
larger than that necessary to match the input 
capacity of the opposite tube. Otherwise, the vol- 
tage rise on the plate will be delayed. A positive 
gate with a fast leading edge may also be obtained 
from a cathode-coupled monostable multivibrator, 
since this type has a free plate not entering 
directly into the multivibrator action. In any 
case, however, a positive gate at the plate of a 
multivibrator tube will always be generated at a 
higher impedance than the negative gate at the 
same plate. A fast-rising leading edge at low 
impedance may be obtained across a cathode 
resistor in the normally-off tube of the multi- 
vibrator, but at the expense of amplitude. 
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10.1 Circuit Examples: The eleven main gate 
multivibrators shown in figures 10-1 through 
10-8 are taken from seven different equipments. 
The multivibrators shown in figures 10-la 
through 10-2b are from a single equipment, as are 
those shown in figures 10-5 and 10-6. Figures 
10-3a and 10-3b are the main gate multivibrators 
used in two different models of a combination 
search and gun-laying radar. Figure 10-3a was the 
circuit used in the later version. The diagrams of 
these last two multivibrators have been simplified 
by showing provisions for switching capacitors to 
obtain only two different gate lengths, whereas 
four are used in the actual equipments, 


10.2 Types of Multivibrators: Although an 
astable multivibrator (fig. 10-3b) or a bistable 
multivibrator (fig. 10-4) may be used to generate 
the main gate, the monostable type is preferred 
for this application. Of the eleven main-gate 
multivibrators shown in the diagrams, nine are of 
this type. Of these nine, two (figs. 10-1b and 
10-2a) are cathode-coupled types, two (figs. 10-5 
and 10-6) have both cathode and plate-to-grid 
coupling, and the remaining five are plate-to-grid 
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coupled types. Of these five, however, only two 
(figs. 10-2b and 10-3a) show no added circuit 
complexity over the basic type. The plate-to-grid 
coupled multivibrator shown in figure 10-1a uses 
cathode followers in both plate-to-grid paths. The 
circuit shown in figure 10-7 has a triode connected 
to the grid of the normally-on tube in order to 
limit the negative swing of this electrode. The 
circuit shown in figure 10-8 uses a diode-connected 
triode in parallel with the plate of the output tube 
in order to limit the positive swing at this point. 
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10.3 Triggering Methods: The most common 
method of triggering the main gate multivibrators 
shownin the diagram is by connecting the plate of 
a trigger inverter, or switch tube, in parallel with 
the plate of the normally-off tube of the multivi- 


brator. This method is used in six cases (figs. 
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10-1a, 10-1b, 10-2a, 10-2b, 10-3a, and 10-3b). 
Except for the multivibrator of figure 10-8, which 
is triggered by a blocking oscillator pulse through 
the normally-on tube cathode resistor, all the 
other multivibrators are grid-triggered. 

In the circuit shown in figure 10-6, the differ- 
entiated negative gate from a delay multivibrator 
is applied to either the grid of the normally-on 
tube, if an undelayed range sweep is desired, or to 
the grid of the normally-off tube, when a delayed 


sweep is used. The negative pulse at the leading 
edge of the delay gate will trigger the normally-on 
tube, but will have no effect on the normally-off 
tube. Conversely, the positive pulse that appears 
at the trailing edge of the delay gate will trigger 
the normally-off tube, whereas the negative pulse 
at the leading edge will have no effect on this tube. 

The application of the trigger pulse to both grids 
of the multivibrator shown in figure 10-4 illus- 
trates a triggering precaution that generally must 
be observed when a bistable multivibrator is used 
to generate the main gate. With a bistable multi- 
vibrator, a shutoff device must necessarily be used 
to terminate the gate. During the transient 
associated with turning on the power, the 
multivibrator may be forced into the state exist- 
ing during the generation of the sweep gate with 
the coupling capacitors so charged that no shutoff 
signal will be generated. By applying the input 
trigger to both tubes, the multivibrator can be 
kept from stalling in this condition. 
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10.4 SweepGate: Triodes are used as clamp tubes 
in nine of the sweep circuits associated with the 
main gate multivibrators shown in the diagrams. 
These multivibrators must therefore provide 
negative gates to unclamp the sweep circuit. 

A convenient method of coupling a negative 
gate from the multivibrator to a sweep circuit 
triode clamp is to tie the grids of the sweep clamp 
and the normally-on tube of the multivibrator. 
This can be done, however, if the cathode of the 
normally-on tube is at the same potential as the 
cathode of the clamp tube, usually ground. This 
method of coupling the sweep gate is used in the 
three multivibrators (figs. 10-la, 10-2b, and 
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10-3a). The tube that is cut off during the dura- 
tion of the main gate in the bistable multivibrator 
shown in figure 10-4 may be considered the 
normally-on tube. 
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In two cases (figs. 10-1b and 10-7), the sweep 
circuits associated with the main gate multivi- 
brators are clamped by diodes. In these two 
instances, a positive sweep circuit unclamping 
gate is required. In the circuit shown in figure 
10-1b, a positive gate is dc coupled from the plate 
of the normally-on tube to a cathode follower, the 
cathode resistor of which is common with the 
diode clamp. In the circuit shown in figure 10-7, 
the cathode of the diode clamp is tied directly to 
the cathode of the normally-off tube, and the gate 
is developed across the common cathode resistor. 
As these positive gates are developed across a 
cathode resistor in one case, and at a “free” plate 
in the other case, fast-rising leading edges can be 
obtained. 

A disadvantage of obtaining a positive sweep 
gate for a diode clamp from a multivibrator cath- 
ode resistor is that the amplitude of the sawtooth 
wave is thereby limited to the amplitude of the 
voltage across the cathode resistor. 

The sweep circuit clamp used with the six other 
main gate multivibrators shown in the diagrams 
are all ac coupled. As these require negative-going 
gates, no special precautions have to be observed 
to obtain fast waveforms. Too fast a leading edge 


may, in some cases, even be detrimental to the 
operation of the circuit, as the negative leading 
edge may be coupled by the tube interelectrode 
capacity into the sweep circuit. 


10.5 Unblanking Gate: Unblanking of the dis- 
play tube may be accomplished by applying either 
a negative gate to the cathode of the tube or a 
positive gate to one of the grids. In the eleven 
cathode ray tubes associated with the main-gate 
multivibrators shown in the diagrams, unblank- 
ing with a positive gate is the more common, 
being used in seven cases. In four of the seven 
cases in which a positive unblanking gate is used 
at the CRT, the gate is taken as a negative output 
from the multivibrator and inverted by an 
amplifier before being applied to the display tube. 
This is done with the unblanking gates taken from 
the multivibrators shown in figures 10-3a, 10-3b, 
10-7, and 10-8. In these cases, the positive output 
from the plate of the amplifier is either dc coupled 
to the CRT or to the grid of a cathode follower if 
the indicator is located at a great distance from 
the amplifier. In the three instances in which the 
positive unblanking gate is taken as a positive 
output from the main gate multivibrator (figs. 
10-la, 10-2a, and 10-4), the output is derived 
from an electrode at which the voltage can rise 
rapidly. 

In three of the four displays in which a negative 
gate is used for unblanking, the gate is generated 
at the multivibrator as a negative output (figs. 
10-1b, 10-2b, and 10-6). In these cases, it is 
feasible to take the output from a plate that is ac 
coupled to the opposite grid of the multivibrator. 
In the one case (fig. 10—5) in which the negative 
unblanking gate begins as a positive output at the 
multivibrator, this output is taken from a plate 
that is de coupled to the opposite grid. One stage 
of amplification is required, both to increase the 
amplitude and to invert. 


10.6 Gate Length: The length of the gate pro- 
vided by four of the multivibrators shown in the 
diagrams is determined by a shutoff pulse. This 
pulse is derived from a tube which is connected 
into the sweep circuit so that the voltage on one of 
its electrodes varies with the sweep voltage. The 
bias on the shutoff tube is adjusted to a value 
which will cause the shutoff tube to conduct when 
the sweep voltage reaches the amplitude necessary 
to deflect the sweep to the edge of the display tube. 
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In two of these four cases (figs. 10-la and 
10-2b), the control grid of a sharp cutoff pentode, 
which is used as the shutoff tube, derives its vol- 
tage from the sweep circuit. The plate of this tube 
is connected in parallel with the plate of the 
normally-on tube of the multivibrator, causing a 
negative pulse to appear at this point when the 
shutoff tube conducts. A slight modification of 
this arrangement is used with the multivibrator 
shown in figure 10-7. In this circuit, the plate of 
the shutoff tube is tied to a point in the de coupl- 
ing network between the plate and grid, thus 
permitting greater flexibility in setting the plate 
voltage level of the shutoff tube. The shutoff pulse 
used to terminate the gate generated by the multi- 
vibrator shown in figure 10-4 is derived from a 
thyratron, the plate voltage of which varies with 
the sweep voltage. When the thyratron conducts 
at the end of the sweep, a positive pulse which 
appears across the thyratron cathode resistor is 
coupled to both grids of the bistable multivibrator: 

To insure reliable triggering by the shutoff 
pulse, it is advantageous to keep the negative 
voltage on the grid of the multivibrator tube, that 
is off during the gate period, at a fairly constant 
value not too far below cutoff. In the circuit 
shown in figure 10-7, the negative voltage to 
which this grid can fall is limited by the triode 
connected to this grid. Because of the long time 
constant of the RC circuit connected to this grid 
(10MaQ, 0.002uf), the voltage on the grid remains 
almost constant for the duration of the gate 
period. In the circuit shown in figure 10-la, the 
grid of the tube that is off during the gate period 
is ac coupled to the opposite plate circuit through 
a cathode follower. By connecting the grid of this 
cathode follower to a point close to B+ in the 
plate circuit resistance network, the voltage swing 
on the cathode follower is held to a small value. 
This in turn limits the voltage to which the grid of 
the cutoff multivibrator tube can fall. Again, the 
long time constant of the RC circuit connected to 
this grid (1Mq, 0.1yf) holds the voltage on this 
grid almost constant for the duration of the gate 
period. As the main gate multivibrator shown in 
figure 10-4 is a bistable type, no provision has to 


be made to hold the grid of the off tube at a 
constant value. In this circuit, it is only necessary 
to design the coupling network between plate 
and grid to maintain a voltage not too far below 
cutoff on the grid of the tube during the off period. 

In the circuit shown in figure 10-2b, the voltage 
on the grid of the tube that is conducting during 
the gate period is maintained slightly negative by 
the resistance values used between the opposite 
plate and: the negative supply. Although this 
insures that this tube can be easily cutoff by the 
shutoff pulse, maintaining the grid of this tube 
slightly negative during its conducting period 
makes the amplitude of the output from its plate 
very sensitive to variations in resistor values and 
supply voltages. 

In three ofthe main gate multivibrators (figs. 
10-3a, 3b, and 10-4a), the different gate lengths 
are obtained by switching components in the RC 
timing network, even though more than two 
different gate lengths are used. The four different 
gate lengths provided by the multivibrators 
shown in figures 10-3a and 10-3b are obtained by 
switching capacitors, whereas three different 
potentiometers are used with the multivibrator 
shown in figure 10-5a. 


TaBLe 10-1—Summary of Main Gate MV Parameters 


cat Gate lengths, PRF eae 
ps. percent 
5 Fees 20, 50, 100, 200__.___-- 30025. oe 74.2 
Qectis 2, 10, 100, 200_._._.__. 300_....---_--- 74.2 
ee $0; 1608222253 estes 800__-.---- 2-2. 55.7 
, ee 80, 200_......------_-- $00. 222222222 74.2 
Bocce 8, 24, 100, 200__--_---_- 300, 550, 2000_.) 74.2 
—— 5, 10, 100, 200________- 200, 300, 800___| 49.5 


variable time delay. 
( eee Variable 0-5 to 0-10____| 200, 400, 800_.__| 59.0 
Variable 0-10 to 0-25_-__ 
Variable 0-25 to 0-50, 
0-120, 0-200, 80-200. 


eee 1 | ee || ene 10.0 
none 30, 80, 200..._...-___- > (anne 66.7 
10_...| 50, 200......--.-..-_-- 300....-------- 74.2 


11. PULSE CATHODE FOLLOWERS 


There are two major applications of the cathode 
follower found in the survey; one application is 
the use of its low output impedance when feeding 
a line and the second is the isolation of critical 
circuits which are sensitive to loading. The first 
application is also discussed in section 3. 


11.1 Circuits in Current Use: The cathode 
follower is used to isolate critical circuits such as 
blocking oscillators, sweep circuits, multivibrators, 
and so forth, in addition to video circuits. The 
operating level range may be from a few volts to 
several hundred. The signal polarity is usually 
positive: a negative signal is avoided since it 
tends to drive the tube to cutoff. The rise time 
required is not extreme for most applications and 
is in the order of 0.035usec. Figures 11-1 through 
11-4 show representative circuits used in various 


radar sets. The circuit is simple; however, there 
are wide variations in tube types, operating sup- 
ply voltages, and component parts. 

In this survey the circuits have been divided 
into five groups. Group 1 includes conventional 
circuits in which a triode is used and the grid and 
cathode resistors are returned to ground. Group 2 
is slightly different in that a grid bias supply is 
used. Group 3 is also conventional but uses twin 
triodes in parallel. Group 4 is an example of 
circuits using pentode-type tubes. Group 5 uses a 
negative supply connected to the cathode resistor 
with the grid resistor returned to the cathode 
instead of ground. 

In these circuits the cathode resistor values 
range from 150 to 50,0002. The cathode resistor 
fulfills several functions: in the conventional cir- 


Tube type Ess Ri (2) Ryo Use 
5703_..--------- 150v....-2--2--- 4.7K___------- 1M, O.1pf__----.------- Video. 
5977__._.-..---.- 150v___.------- SOK. ss ee ces Direct coupled-_-__-_-_--- Blocking oscillator. 
5977..._...- Fswns 150v____._----- 8.2K_.--.----- 470K 222 c eee essen Pulse amplifier. 
VZAU Ticececnsxee 250v___. 22. --- 7 fl Ge Re] nr ee ee Video. 
IZAU7 oe ete Oe Fes} ; Caner Direct coupled____._---- Blocking oscillator. 
12AU7__.-__-___- 300V_...------- 17 | | eee ee Trans. coupled_________- Blocking oscillator. 
12AT7.____-_---- 300vV______--__- Beene 82K, 24uyf_.-.-.-_____- RM block-osce. input. 
107.44 ky (rn 150v__.-- 22 _ SAK sss. scece 510K, O.1uf__-.-- 2-2... Video (IN70 restorer). 
2C51_.---------- 152v_____----- ISK sce Direct coupled___....._- Gate gen. output. 
604 eee 250v____-_____-- TOK ett edits ee ete ta se telat La eh Master trigger input. 


Figure 11-1.—Conventional Cathode Follower 
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Tube type Evo Rx (Q) Rg (Q) Co Ecc Use 
IZAT 722 os feces 150v___--_--- §.1K__._----- 510K_____-__- 0.01 yf__.._-.- —1.5v_____-- Video 
B90 Tc cetbetee tence 110v______--- 160.225.2032. 470K__-_---- O.1pf_-_------ aa) ee Video. 
1° eee nee 150v_.-.----- 150._...----- 560K___._---- O.lyf...------ —6.5_.------- Video. 


Cg 
INPUT i 


Tube type Ep Ri (Q) Ry (Q) Co Eee Use 
12AU7____.-_.2 150v____._--- 510 225-2225 220K____..--- 0.01 uf_...-__- —6v_.--.---- Video 
6687228 225h2558-ke WW0v_.-.-_--- | er are TMe tcc ene O.1pf__-.....- +6.4v__---.-- Video. 
6I6i oe eee 350v____ ~~ WSK. ooonns22 22M 2c oe = 0.22uf_..__-_- On s25 2s. Video 


Figure 11-2(b).—Twin Section Cathode Follower 


cuit it determines the operating point and con- 
sequently the operating plate current and operat- 
ing voltage levels. Secondarily, the resistor also 
affects the output impedance, rise and decay 
times. Operating levels associated with various 
ranges of resistors fall roughly in the following 
groups. For resistor values of 100 to 5000 the level 


would be less than 10v, since the current required 
for this output would be at the maximum for the 
tube, and also the tube would be in or near the 
grid current region. Under similar conditions for 
resistors in the 5K to 10Ka range, the level would 
be under 100v. For resistors above 20Ke the level 
would be several hundred volts and would be 
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limited by the supply voltage or the heater-cath- 
ode breakdown voltage. 

The tube types are mainly triodes and the 
transconductance ranges from about 2000umhos 
to 5000umhos. When two sections are connected 
in parallel, the transconductance is doubled with a 
resultant decrease in output impedance. The 
electrode capacities are also doubled, but the 
adverse effect on rise time is balanced by the 
increased transconductance. 

In figure 11-2 the circuits use a separate bias 
supply. In the case of a small cathode resistor, 
vhe current tends to be high. To obtain a suitable 
operating range it is desirable to use a fixed grid 
bias and thereby operate at lower plate current. 
Also when higher value resistors are used, the plate 
current tends to be low, and biasing with a positive 
supply permits operation at higher plate-current 
level. 

The use of a pentode in the cathode follower is 
shown in figure 11-3. Figures 11-3a and 11-3b are 
connected as triodes. The advantage of the high 

' transconductance of the 6AN5 remains approxi- 
mately the same as when pentode-connected, 
about 6000umhos. 

Figure 11-4 shows a circuit variation with the 
cathode resistor returned to a negative supply and 


392077 O -56 -14 


the grid resistor returned to the cathode. Return- 
ing the cathode resistor to a negative supply 
results in a straighter characteristic curve, since 
the usual curving to cutoff is avoided and 
operation into the negative region is permitted 
(fig. 11-5). In effect the two supply voltages are 
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Fig. II-S CATHODE FOLLOWER CHARACTERISTIC CURVES 
FOR VARIOUS CATHODE RESISTORS 


additive and the quiescent current is higher than 
for the plate supply itself. For this reason the peak 
permissible positive signal will be less than in the 
conventional circuit. Returning the grid resistor 
to the cathode instead of ground increases. the 
input resistance of the circuit and also shifts the 
operating point toward zero bias. 


11.2 Pulse Cathode Follower Circuit Analysis: 
The main characteristics to be considered in a 
cathode follower used to isolate circuits are input 
loading, operating voltage level, gain output 
impedance, rise time, and _ supply voltage. 
The discussion will be essentially related to the 
conventional cathode-follower circuit. where grid 
and cathode resistors are returned to ground, to 
positive pulse signals, and to the prototype 
miniature twin-triode tube. 

(a) The input loading will depend mainly on 
the grid resistor and electrode and wiring capaci~ 
ties. For most applications, the conventional 
circuit is adequate, and no special connection, such 
as returning the grid resistor to the cathode to 
increase the input resistance, is necessary. 

(6) The operating level of the cathode fol- 
lower may cover a wide range from a few volts to 
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several hundred volts. Figure 11-5 shows the 
difference in the characteristic curve for various 
cathode resistors. The upper limit is set by the 
maximum plate current, grid current, or cathode- 
heater breakdown voltage. In the case of a low 
cathode resistor, e. g., 1000, the operating level is 
in the order of a few volts since the necessary 
current approaches the plate-current limit. The 
grid-current region is also encountered near this 
limit. As the cathode resistor is increased, the 
operating level increases until the heater-to-cath- 
ode breakdown voltage limits the level. This 
limitation is removed by raising the heater supply 
above ground. 

The 2v operating level of the 1000 resistor is 
associated with a follower which is used to match 
a low impedance line. To attain higher levels with 
the same resistor requires power-type tubes and 
shows that line transmission at high levels should 
be avoided. The grid current region is also near 
the levels listed. The plate voltage will affect 
the grid current region and is selected to have a 
margin above the operating level. 

(c) The gain of the cathode follower using a 
cathode resistor of a few thousand ohms is near 
unity. However, since the expression for gain is 


gm Ri 

Jm Rit1 : 
siderably lower than unity. For example, in 
figure 11-5 the gain for the circuit using 1009 
resistor is about one-half. 

(d) The output impedance is in the nature of 
an effective impedance since the cathode follower 
is an impedance changing device rather than a 
transformer.’ For resistors of large values, i. e., 
over 50000, the impedance is approximately 
1/gm. Otherwise the impedance is more accurately 
the parallel effect of the cathode resistor and 1/gm. 
With pulse signals the effective impedance 
depends upon the operating level since the trans- 
conductance increases with the plate current. The 
transconductance will correspond to the highest 


, for small resistors the value is con- 


current attained since the pulse rises to that value 
quickly. In a conventional follower a negative 
signal will tend to cut off the follower and the out- 
put will therefore be high in impedance. The 
effective impedance should be specified with the 
level of the pulse. 

(e) The rise time of the cathode follower 
depends mostly upon the tube transconductance, 
associated capacities, and cathode resistor. For 
most applications the conventional cathode 
follower will be adequate and the rise time will be 
usually less than 0.035usec (10mc BW =35/t,). 
The decay time is adversely affected by the 
follower and in some applications it may be 
necessary to take it into account. PC 48, figure 
43-3, shows the decay time (fall time) for circuits 
using 10Ko and 22Ko cathode resistors and shows 
that it is several times the rise time. The negative- 
going portion of a pulse is the part affected: this 
is the decay time for a positive pulse and the rise 
time for a negative pulse, as mentioned in the 
previous paragraph. The follower drives the 
capacity across the cathode with an effective 
impedance of approximately 1/gm, and the RC 
charging time is that of the follower impedance 
and cathode load capacity. When the pulse falls 
to zero, in a short time the tube is in a low current 
condition and the voltage of the capacitor decays 
because of the cathode resistor. If the cathode 
resistor is appreciably larger than the driving 
impedance, a longer decay time for the negative- 
going trailing edge results. 

(f) The supply voltage for the follower is not 
critical because of the degeneration inherent in 
the follower. The performance is only slightly 
affected if the supply voltage is decreased, for 
example, from 300 to 150v. As mentioned before, 
at the higher operating levels it is necessary to 
maintain a margin between the operating level 
and the supply voltage. The power dissipation 
within the tube is favorable for circuits using a 
high value cathode resistor since most of the power 
will be dissipated in the resistor. 


12. RECEIVER AUDIO CIRCUITS 


The audio circuits in communications equip- 
ment lend themselves very readily to circuit 
standardization. This conclusion is a result of a 
survey of a group of communication receivers 
whose signal levels, frequency range, and power 
output requirements were studied in detail. 

The circuits considered as audio circuits in this 
survey are the signal detector and noise limiter, 
audio voltage amplifier, audio power amplifier, 
the automatic gain control, squelch, and the 
broad band cathode follower. 


12.1 Examples of Receiver Audio Circuits in 
Current Use: Several receivers have been ex- 
amined to show current practice in the design of 
audio circuits. Measurements were made on two 
of the receivers to obtain signal information that 
was not readily available. 

(a) Detectors and Detector- Noise Limiter Comb- 
inations: These circuits were broken down into 
two groups because some of the circuits studied 
did not employ noise limiter circuits. Figures 


SIGNAL DETECTORS 
Fig 2-2 


12-1 and 12-2 show examples of simple signal 
detectors. Figures 12-3 through 12-5 show the 
more complex detector and noise limiter combina- 
tions. 


47K TO HIGH FIDELITY 
CATHODE FOLLOWER 


47 


TO FIRST ‘ 
AUDIO AMPLIFIER 


SIGNAL DETECTOR AND NOISE LIMITER 
Fig. 12-3 


SIGNAL DETECTOR AND NOISE LIMITER 
Fig. 12-4 


All but one of the examples studied used a 
6AL5 detector; the remaining one (fig. 12-1) 
used a diode-connected triode. All of the examples 
employing noise limiter circuits used a 6AL5 series 
noise limiter. Figure 12-3 shows the use of a 
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SIGNAL DETECTOR AND NOISE LIMITER 
Fig. 12-5 


shunt limiter which is used in conjunction with 
the series limiter so that the noise pulse is pre- 
vented from operating the age circuit and thus 
desensitizing the i-f amplifier. Two of the receivers 
had broad-band cathode followers whose inputs 
were taken from the output of the diode detectors 
(figs. 12-3 and 12-5). 

(b) Audio Voltage Amplifier and Squelch: 
Several general comments can be made about 
these circuits. All the audio voltage amplifiers 
studied used a dual triode. However, the ampli- 
fication factor and the type of triode varied con- 
siderably as shown in table 12-1. The amplifier 
circuit employed in all but one example was the 
resistance-capacitance coupled type. These 
circuits are shown in figures 12-6 through 12-9. 
The remaining example (fig. 12-10) used trans- 
former and resistance-capacitance coupling. Plate 
load resistors ranged from 15Koa to 680Kea. In 
figure 12-8 the plate load was an inductance. 
Coupling capacitors ranged from 0.01 to 0.05uf. 
Most of the circuits used cathode degeneration 
for stable operation. 


DETECTOR 


AUDIO VOLTAGE AMPLIFIER 
Fig. 2-6 
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AUDIO VOLTAGE AMPLIFIER WITH SQUELCH 
Fig. 12-7 


Figures 12-7, 12-9, and 12-10 show the use of 
squelch circuits in conjunction with the first 
audio stage. All were of the type that caused the 
first audio stage to be made inoperative during 
the no-signal condition. All of the examples 
studied used a triode type of tube for this opera- 
tion. In two cases (figs. 12-9 and 12-10) the 
squelch tube received its input from the age cir- 
cuit. Figure 12-7 shows the squelch circuit input 
from a noise rectifier and amplifier circuit. 


TaBLE 12-l1—Summary of Voltage Amplifier Characteristics 


Key Tube type B Circuit type 
Azescs 12AT7_____-- 60 22-c52 R-C coupled__-- 
Bed 5670.____.--- 35 o os Transformer ----- 
© areas 5670__-_-_--- 35_.---.-- R-C coupled___- 
Des 14R7ose2 532° y {| eee R-C coupled_--- 
fl Oe 12AX7______. 100_._.---- R-C coupled__-_- 
Biecuce 12AX7_____-- 100____---- R-C coupled_--- 


Feedback Supply voltage 
canes, Cathode degeneration._| +250v dc. 
eeree None-_.---------------} +200v de. 
fences Cathode degeneration__| +150v de. 
ee See Cathode degeneration._| +280v dc. 
ne te None____-.-..--------| +250v de. 
Sa None. -.--------------| +250v de. 
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(c) Audio Power Amplifier: Following the 
voltage amplifier stage is the power stage which is 
AUDIO VOLTAGE AMPLIFIER WITH SQUELCH usually designed to drive a line or a transducer. 

Fig. 12-10 The examples studied were practically identical 
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in circuit configuration as shown in figures 12-11 
through 12-16. All cases. studied used a beam 
power pentode in the output stage. All but one 
example used cathode bias; the remaining one 
(fig. 12-14) used fixed bias. Figures 12-11, 12-14, 
12-15, and 12-16 show the use of a capacitor 
across the primary of the output transformer to 
limit the high-frequency response of the trans- 
former. The frequency range of the audio ampli- 
fier was in all cases from 300 to 4000cps. The 
output impedance of the stage was either 300 or 
6000. The output transformer is a controlling 
factor in determining the frequency response of 
these amplifier systems. Table 12-2 shows the 


: 6002 
OUTPUT. 


AUDIO POWER AMPLIFIERS 
- Fig. 12-16 


comparison between the different circuits studied. 
In each case the maximum power output was two 
watts.- : 

(d) Automatic Gain Control: In order to keep 
the output of a receiver relatively constant with a 
varying input signal, an automatic gain control is 
used. Four of the examples examined had such a 
system (figs. 12-17, 12-18, 12-19, and 12-21). 
Three of the examples employed a dc amplifier 


Fig. 12-18 AUTOMATIC GAIN CONTROL 


TaBLE 12-2—Summary of Power Amplifier Characteristics 


Key Tube type Aye ot sewer outa 7 Out se Supply voltage 
A...-- 6AQ5_._----- Fixed __---- 2 watts......__------- 300Q_.--------------- +250v de. 
B_____] 5686__-_----- Yathode__._| 2 watts......--------- 60082. essen ccs +200v de. 

Oe Noa hee RE ee ee PE, ee Cae ee Rote ee eee ae ee 
Decese T2AG 2 os ond Cathode____| 2 watts......_--_----- B00Q Ee sos es +280v de. 
E__--- 6AQ5-_-_-_--- Cathode.-_.] 2 watts_.-.._-_-------- 6000. -25- 22-5. tsi. 8 +230v de. 
Foie 6GAQ5....---- Cathode___.| 2 watts..._.._._------- WORE sods lee ese +230v de. 
G__--- 6AK6___._._- Cathode_.._| 2 watts........--.-.-- 3000s see ec tess 3 +180v de. 
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in the age circuit to obtain “amplified agc’’ (figs. 
12-17, 12-19, and 12-21). The 12AX7 was the 
tube most used in the amplifier stage and the 
6AL5 was the diode most used in the age detector 
circuits. Figure 12-21 shows a didde-connected 
triode used as a detector. The circuit in each case 
was practically the same except for things peculiar 
to the separate circuits. A big disadvantage of 
this circuit is that when the plate current of the 
de amplifier diminishes, the bias voltage appear- 
ing at the cathode of the de amplifier increases the 
age output. This biases the controlled stages to a 
point where their gain is low. A change in trans- 
conductance of the tube effects the age output in 
the same manner as is shown in figure 12-22. 
Figures 12-20 and 12-22 also show age character- 
istics. Figure 12-23 shows the effect on the agc 
voltage in one of the receivers as tubes of varied 
transconductance were inserted. 

PC 63, an automatic gain control circuit, was 
‘designed to overcome these problems. 
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(e) Broadband Cathode Followers: Broadband 
cathode followers are employed when modulation 
frequencies of 70 to 20,000cps are to be en- 
countered. Two examples of these circuits are 
shown in figures 12-24 and 12-25. Cathode fol- 


lowers are discussed in detail in section 3 and 


section 11. 
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13. AUTOMATIC FREQUENCY CON- 
TROL 


Automatic frequency control is necessary in 
most radar systems for two reasons: the trans- 
mitter and local oscillator frequencies cannot 
be adequately stabilized against changes in 
temperature and pressure, and the transmitter 
frequency is subject to pulling as the antenna 
rotates. A  difference-frequency system is 
generally used to effect automatic frequency 
control, because maintenance of a constant 
difference between the transmitter and the 
local oscillator signals is the principal require- 
ment rather than maintenance of either signal 
at an absolute frequency. With the trans- 
mitter signal as reference, the local oscillator 
frequency is controlled to maintain the inter- 
mediate frequency. 

The usual afc system consists of: 

(1) A mixer to which samples of the trans- 
mitter and local oscillator signals are fed. 

(2) IF stages to amplify the difference-fre- 
quency component of the mixer output. 

(3) A discriminator whose output is pro- 
portional in amplitude to the departure of the 
difference-frequency from the intermediate fre- 
quency and whose output polarity indicates 
the direction of that departure. 

(4) A video amplifier to raise the level of the 
discriminator output to the level required to 
operate the control circuit. 

(5) A control circuit which changes the local 
oscillator frequency in a direction to reduce the 
error signal, 

Figure 53-1, p. 53-5 of the Preferred Circuits 
Manual, shows the location of these circuits 
relative to the receiver and transmitter. The 
design of afc systems is treated extensively in 
the literature. 


13.1 Results of Survey: In the preparation of 
PC 53, 12 airborne radar systems of recent 
design operating in the 3 and 10 centimeter 
bands were examined. The details of their afc 
systems are set forth in table N13-1. As a 


1R. V. Pound and E. Durand, Microwave Mizers, 
Rad. Lab. Series, vol. 16, McGraw-Hill, New York, 
N. Y., 1948, Chap. 7. S. N. Van Voorhis, ed., Micro- 
wave Receivers, Rad. Lab. Series, vol. 23, McGraw- 
Hill, New York, N. Y., 1948, Chap. 3. 
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result of this survey it was concluded that a 
simple afc system of either the thyratron or 
diode-phantastron control type would satisfy 
the afc requirements in the majority of the 
systems. Such a circuit could be used in 
systems A through H, table N13-1, and could 
probably be used to replace the two Whitford 
circuits that were modified to obtain electronic 
(repeller) control of the klystron, systems I 
and J. The principal advantage of the Whit- 
ford circuit, systems K and L, is its ability to 
discriminate against the wrong sideband. When 
the thyratron and diode-phantastron control 
circuits are used, it is necessary to adjust the 
afc circuit so that the local oscillator frequency 
cannot pass through the wrong sideband, or 
improper locking will result. (See section 
13.3 (b).) 

The performance characteristics of the eight 
simple afc systems are listed in table N13-2. 
These characteristics form the basis for the 
input and output requirements of the preferred 
circuit, PC 53. It is evident from the table 
that the performance requirements do not 
govern the choice of circuit types; for instance, 
in system F a Foster-Seeley discriminator and 
a thyratron control circuit are used, while in 
system G, which meets approximately the same 
input and output requirements, a Weiss dis- 
criminator and _ diode-phantastron control 
circuit are used. The Weiss discriminator was 
selected for PC 53 because wide bandwidths 
are easily obtained without the use of a special 
transformer. Diode-phantastron control is 
used because it is generally more satisfactory 
than thyratron control. (See section 13.2 (d).) 


13.2 Examples of Circuits in Current Use: A 
detailed examination of the afc systems shows 
that the differences are minor. 


(a) IF amplifier: Although the saeere—erd 
IF circuits are not illustrated, their similarity 
is indicated in table N13-1. Note that a 30 mc 
intermediate frequency is used in most of the 
systems listed. The 6AK5, or its equivalent, 
the 5654/6AK5W, is almost universally used 
as an IF amplifier, the number of stages de- 
pending on the amplification and bandwidth 
required. The bandwidth of the afc IF is 
determined by the pulse width of the system, 


N13-1 
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TaBLe N13-1—Comparison of AFC Circuits 
AFC IF Discriminator 
Radar|___ eens, 
Mini- receiv- Video Control 
System | Figure In- | Input coupling; mum | Num- Center er Peak amplifier eireuit 
put pulse | berof | Tube | freq- | Band- | band- Type sep- 
width | stages | type | uency | width | width rie 
ion 
mv usec. me me me me 
Acasa | Mee estses 400° | -T cece tase 0.5 1 5654 30 10 6 Weiss____- 4 Pentode....__| Thyratron. 
Bsiatacce 13-2(b)..| --. | Transformer...) 0. 67 1 5654 30 4 1.2 | Weiss. ___- 2 Pentode and | Diode- 
cathode phantas- 
follower. tron. 

| Oe 13-2(a)_-|  .. Transformer..| 0.5 3 5702 30 4 2 Weiss___.- 4 Pentode and | Diode- 

Triode. phantas- 
troa. 

Deine Nee ete whe | ere 0.5 3 6AK5 60 5 5 Weiss_....| 3 Pentode.-._-- Diode- 
phantas- 
tron. 

EB. ..-.| 18-1(a)._| --- Misra hoe clan 0. 75 1 6AK5 60 5 3 Weiss ____. 3 Pentode-..... Thyratron. 

F_..---} 138-1(b).. 35 Transformer_.| 1.8 2 5654 30 2 1.2 Foster- 4 Triode.____-- Thyratron. 

Seeley. 

Gsesccs 13-2(c)..; 100 | Transformer..| 0.5 *3 6AK5 30 9 4 Weiss. -.-. 3.5 | Pentode....-. Diode- 
phantas- 
tron. 

Mik til outed --- | Transformer__| 0.5 1 5654 30 4 3.5 | Weiss_.__- 4 Triode.....-.| Diode- 
phantas- 
tron. 

p eee eee ore --. | Transformer..| 0.5 2 6AK5 30 8 6.5 | Weiss... 2.5 Modified 

Whitford 

F232 ole 3| nian ok seo, leepestecceccessc 0.5 2 5654 30 eee 4.5 | Weiss._.-- 2.5 Modified 

Whitford 

Kees 13-3._-.. See) soeeseesseaen 0.5 2 5654 30 Seka 5 Weiss. _-__- 4 Whitford 

Dede scdisseecceees daw ot Ves soesecere cans 0. 4 2 5654 30 a: 5.5 Foster- 2 Whitford 

Seeley. 
*Stagger Tuned 
Taste N13-2.—Summary of AFC Circuit Performance 
Input Output 
System xz 
Pulse width Duty factor Frequency Level Sweep Sweep rate Control range 
sec, 10-4 me/sec. mv Vv eps dc volts 

Min. Mar. | Min. Maz, | Min. Maz. 
Pe Nee a atlelee test ate 0.5 4 30 | 400 40 0. 2 —55 —140 
Bresette de Sellen 0.67 2.0 2 6 00) ote 2 seee 60 10 —45 —165 
Cileiy Pas ttc tL aes 05 3.2 15 9 SO  |osaxredsste 40 0.2 | —150 —250 
Dees Soccer ost s OS 0.5 865.0 4 10 60) ac ooh 75 2 —100 —210 
Bic castes fo eats 0.75 5.0 6 10 60: Jecseccenes 40 2 —55 —140 
Poco onseaec ou ws 1.8 8 30 35 40 1 ~-115 —200 
Giese asd esl 0.5 3.25 4 10 30 100 40 3 —115 —200 
H Sect Sct et Soothe 0.5 10 30 |-._--- ee 40 | 10 to 50 | —110 —200 
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and is generally made wider than that of the 
radar IF to prevent ‘bottlenecking’ the 
discriminator.’ 

To minimize hum in the discriminator, the 
signal level at the output of the IF amplifier 
must be 1 volt or more. Not all of this ampli- 
fication must be realized in the IF stages. 
Because the equivalent noise of the crystal is 
low compared to the signal levels involved, the 
coupling network can be designed for maximum 
power gain. In addition, the over-all amplifica- 
tion of the afc system includes the amplification 
of the video amplifier. In any comparison of 
two circuits of the same bandwidth, it should 
be noted that low amplification in the IF 
amplifier is generally compensated by higher 
amplification in the video amplifier. 

(6) Discriminator: As indicated by table 
N13-1, the Weiss discriminator (fig. N13-1 (a), 
p. N13-4) is more popular than other types. It 
eliminates the need for a special IF transformer 
and for large bandwidths; it is easier to ad- 
just than the Foster-Seeley circuit of figure 
N13-1 (b). The differences in component val- 
ues are necessary because of the differences in 
bandwidth requirements and center *frequen- 
cies. In figure N13-2 (a), p. N13-6, the dis- 
criminator is biased about 18 volts positive to 
reduce the hum pickup from the heaters.’ 

The output of any of the discriminator cir- 
cuits is a series of pulses whose amplitudes vary 
from zero at crossover to a maximum of 0.5 to 
2 volts at the frequency of maximum response, 
with the envelope of the peaks following the 
familiar amplitude-versus-frequency discrimi- 
nator characteristic. The pulse shape depends 
on the video response of the RC network con- 
nected to the discriminator output; the polarity 
may be either positive or negative depending 
on whether the incoming signal frequency is 
above or below the crossover frequency. In 
any of the circuits, the polarity of the output 
for a given frequency deviation from the cross- 
over can be reversed by reversing the diodes; 
in the Weiss discriminator the polarity can also 
be reversed by interchanging the two tuning 
capacitors. 


2 Van Voorhis, op. cit., p. 49. 
3 Pound and Durand, op. cit., p. 311. 
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(c) Video amplifier: A video amplifier is 
necessary to bring the signal level up to an 
amplitude that can be used by the control 
circuit. Since the requirements for the amplifier 
are mainly determined by the control circuit, 
the two will be discussed together in the follow- 
ing section. 

(d) Control circuit: The final link in the afe 
system is the control circuit which converts 
the error signal into a voltage capable of con- 
trolling the frequency of the local oscillator. 
In radar systems, a circuit capable of control- 
ling the repeller voltage of a klystron is required. 
Because the drifts are likely to be large com- 
pared with the receiver bandwidth, a hunting 
system is used, that is, the local oscillator is 
swept over a large frequency range to find the 
correct operating point. Once the desired 
crossover frequency is reached, the circuit must 
stop sweeping and maintain the correct differ- 
ence frequency between local oscillator and 
transmitter. 

(1) Thyratron control circuits: The cir- 
cuits of figure N13-1 are examples of thyratron 
control circuits. Two thyratron relaxation 
oscillators are employed. The sweep generator 
varies the klystron repeller voltage between the 
half-power points at a relatively slow rate when 
no signal is received from the discriminator. In 
the absence of positive input to the grid, the 
search stopper is biased to cutoff for any plate 
voltage encountered during the slow sweep. 
If the transmitter is operating, output pulses 
will be received from the discriminator when 
the local oscillator and the transmitter fre- 
quency differ by approximately the intermedi- 
ate frequency. The discriminator output is 
amplified and inverted by the video amplifier; 
the slow sweep is arrested when the pulse input 
to the becomes positive and of sufficient 
amplitude to overcome the fixed bias. 

Although the plate voltage of the 2171 is 
varied continuously by the slow sweep gener- 
ator during search, the grid voltage at which it 
fires is nearly independent of the plate voltage 
over this range. When positive pulses of an 
amplitude sufficient to overcome the fixed bias 
are received from the video amplifier, the 
fires, causing its plate voltage to drop to within 
10 or 15 volts of the cathode potential. Under 
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(b) SYSTEM F 


Figure N13-1.—Examples of AFC circuits using thyratron control 


these conditions, the plate voltage of the 6D4 
never becomes sufficiently positive to permit it 
to conduct, and the slow sweep stops. 

During lock-on, the repeller voltage is 
varied by changing the period of the sawtooth 
generated by the search stopper. The time con- 
stant of the circuit is adjusted so that the 

2 2D94 fires on every third to fourth transmitter 
pulse when the local oscillator frequency is at 
crossover. If the intermediate frequency 
changes in a direction to increase the amplitude 
of the discriminator output, the search stopper 


%&k Seanch SToppeg 


fires more frequently, resulting in a more 
negative repeller voltage. If the discriminator 
output becomes smaller, the search stopper 
fires less frequently, causing the repeller voltage 
to become less negative. In either case, if the 
search stopper loses control, the slow sweep 
will recommence and continue until the local 
oscillator again locks properly. The polarity 
of the discriminator output must be such that 
the repeller voltage changes are in the proper 
direction to correct the local oscillator fre- 
quency. 
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Although the sawtooth produced by the 
search stopper during lock-on is filtered by the 
RC network in the plate circuit, there is still a 
small amount of frequency modulation of the 
local oscillator due to ripple. Because the 
frequency and amplitude of the search stopper 
output vary during lock-on, the ripple is not 
constant over the range. The factors which 
govern the ripple voltage are the same as those 
which determine the rate at which the afe will 
follow the signal, and the one cannot be re- 

‘duced without reducing the other. 

A further disadvantage of the gas-tube 
control circuit is its dependence on tube charac- 
teristics, which are less uniform for thyratrons 
than for vacuum tubes; for instance, for a fixed 
bias of the magnitude used in the sweep gen- 
erator circuit of figure N13-1 (a), the 6D4 may 
start to conduct at any plate voltage within a 
100-volt range and still be acceptable under 
MIL specifications. Without correction, this 
might result in a 50% change in the sweep 
range when the 6D4 is replaced. Correction 
is provided by the resistive network between 
grid and plate which introduces negative feed- 
back to minimize the spread in firing potential. 
In the sweep generator of figure N13--1 (b), the 
compensation is in the form of a bias adjust- 
ment which may be reset when the 6D4 is 
changed to bring the firing potential to the 
desired level. 

The amplification of the video stage is 
not critical, because the gas-tube circuit oper- 
ates on the frequency control principle. The 
minimum amplitude of the signal at the output 
of the video amplifier is determined by the volt- 
age required to fire the search stopper and cause 
lock-on at the correct frequency. An upward 
limit to the over-all amplification of the system 
is set by the need to prevent locking on har- 
monics when the mixer output is a subharmonic 
of the intermediate frequency. The second 
harmonic, which is most likely to cause trouble 
when single crystals are used, is generally at 
least 20 db below the desired signal. 

(2) Diode-phantastron circuit: The di- 
ode-phantastron circuit, examples of which are 
shown in figure N13-2, was used in almost one- 
half of the systems surveyed. The pentode is 
an astable phantastron during search and a de 
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amplifier during lock-on. Thediode circuit acts 
as a search stopper to control the change from 
one type of operation to the other. When no 
signal is received from the discriminator, the 
diode is nonconducting, and astable phantastron 
operation results. The output waveforms are 
the same as those of the triggered phantastron, 
except that no triggering is required, and each 
cycle repeats as soon as the circuit has recovered 
from the preceding one. Since the output is 
connected to the klystron repeller through a 
voltage divider, the repeller is swept from a low 
to a high negative voltage. The values for the 
divider are chosen so that the klystron fre- 
quency is swept through the desired mode. The 
range set control is necessary to accommodate 
the variations among klystrons of the same 
type. 

The plate voltage of the phantastron can 
be held at any point within the sweep range by 
supplying sufficient fixed bias to the grid. 
When the video amplifier output becomes posi- 
tive, the diode will conduct during the pulses, 
and a negative voltage will be built up at the 
phantastron grid. The circuit is adjusted so 
that the bias will be sufficient to stop the 
phantastron near the middle of its sweep when 
the correct crossover frequency is reached. If 
now the transmitter or local oscillator frequency 
changes in a direction to decrease the negative 
discriminator output, the phantastron bias will 
decrease, and the proper IF will be restored by 
the increase in negative repeller voltage. If a 
frequency shift causes an increase in the nega- 
tive discriminator output, the phantastron bias 
will increase, the repeller voltage will become 
less negative, and the intermediate frequency 
will be restored to its proper value. 

During lock-on the double integration of 
the incoming pulses by the RC circuit in the 
search stopper and by the phantastron itself 
minimizes the ripple in the output. An inci- 
dental advantage is that the system will not 
start to search abruptly if the transmitter signal 
is momentarily interrupted because the diode 
capacitor must discharge before the sweep can 
commence. Thus, the afc circuit can recover 
the signal after momentary interruptions with- 
out resort to sweeping. This can also be a dis- 
advantage, however, since the response to an 


N13~6 Nores To THE Prererrep Circurrs MANUAL 


Navaer 16—1-519 


IF PULSE SEARCH CONTROL 
AMPLIFIER OISCRIMINATOR AMPLIFIER STOPPER TUBE 


-300¥ 
{a) SYSTEM C 


IF PULSE CATHODE SEARCH CONTROL 
AMPLIFIER DISCRIMINATOR AMPLIFIER FOLLOWER STOPPER TUBE 


+150V 


) SYSTEM B SN" RANGE 

(b) SYSTE Ans 
If PULSE SEARCH CONTROL 

AMPLIFIER OISCRIMINATOR AMPLIFIER STOPPER TUBE. sy 


GALSW (c) SYSTEM G 
Figure N13-2.—Examples of AFC circuits using diode-phantastron control 
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input signal change which decreases the phan- 
tastron bias is also delayed by the time required 
for the search stopper capacitor to discharge. 
The holding properties are therefore obtained 
at the expense of a decrease in follow rate, and 
a compromise between the two must be reached. 

Since the sweep rate is the maximum rate 
at which the phantastron output can follow sig- 
nal changes which decrease the bias, rapid follow 
rates necessitate the use of high sweep rates. 
The maximum sweep rate is obtained when the 
number of pulses which reach the search stopper 
during the time that the signal sweeps through 
the discriminator peak is just sufficient to assure 
locking. A video amplifier is needed which is 
capable of transferring as much charge as possi- 
ble to the diode-coupling capacitor during the 
transmitter pulse so that the required phan- 
tastron bias can be developed in as few pulses as 
possible. The number of pulses required to 
reach an equilibrium dc level across the phan- 
tastron grid return varies directly with the out- 
put impedance of the amplifier, and inversely 
with the pulse width, prf, and search stopper 
load resistance. The lower the output imped- 
ance of the video amplifier and the higher the 
resistance of search stopper load, the closer the 
dc bias developed will approach the no-load out- 
put voltage of the video amplifier. The effects 
of narrow pulse width and low prf can be offset 
by low output impedance and high amplifica- 
tion in the video stage. All of the video am- 
plifiers shown in figure N13~2 will operate satis- 
factorily in the systems for which they were 
designed. Of the circuits shown, however, the 
operation of the pentode-cathode follower sys- 
tem of figure N13-2 (b) is the least affected by 
change of prf and pulse width. The low output 
impedance of the cathode follower makes it 
possible to realize about one-half of the open 
circuit output voltage of the video amplifier as 
dc bias on the phantastron, and the low charging 
time constant permits generation of the full 
bias in a few pulses. 

Other advantages of the diode-phantas- 
tron circuit are: 


(a) The operation is nearly independ- 
ent of the tube characteristics; the circuit will 
work well with any tube of the specified type. 
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(b) Slow sweeps can be obtained using 
smali capacitors. For example, the circuits of 
figures N13~—1 (b) and N13-2 (c) each sweep the 
repeller voltage through a 40-volt range. In the 
thyratron circuit (fig. N13-1 (b)), a 2MQ re- 
sistor and a 0.25 uf capacitor are used to sweep 
the output voltage through its range once a sec- 
ond, while in the phantastron circuit (fig. N13- 
2 (c)), three times this sweep rate is obtained by 
use of an RC product that is about ee-ffth as 
large. (R=3MQ and C=3900 pf.) OV -#4Te 

(c) Tighter control of the local oscilla- 
tor frequency is maintained during lock-on be- 
cause the pentode acts essentially as a de ampli- 
fier to furnish direct control of the klystron 
repeller. The diode phantastron is an ampli- 
tude control system, and every transmitter 
pulse is effective in furnishing information to 
the afc circuit. 

(d) The resistances which determine 
the sweep rate are located in the grid circuit and 
can be made as high as necessary (within the 
limitations of the tube) without affecting the 
output impedance. 

(3) Whitford circuit: A third type of con- 
trol circuit is illustrated in figure N13-3. The 
Whitford circuit provides a wider sweep range 
than that of either the thyratron or diode- 
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phantastron system, and is designed to prevent 
locking on the wrong sideband. It was de- 
veloped for use with thermally-tuned klystrons,* 
but has also been used for electronic control 
(table N13-1, systems I and J). This circuit 
and other similar systems are more complex 
than the systems previously described. 


13.3 Additional Data for Automatic Frequency 
Control Circuit: The following discussion of 
automatic frequency control applies to diode- 
phantastron control systems only. 

(a) Operation of afc circuit: Figure N13-4 
illustrates the operation of a typical diode- 
phantastron circuit. When the phantastron 
is free running, its plate voltage varies with 
time, as shown in figure N13-4 (a). (Straight 
lines have been used to simplify the illustra- 
tion.) When the amplitude of this sweep 
voltage is reduced to 20 volts by a suitable 
divider and applied to the repeller of a typical 
2K25, the local oscillator sweeps through a 40 
mc range as shown in (b). If the transmitter 
is adjusted to operate at a lower frequency 
than that of the local oscillator, as indicated 
by solid line T,, a difference frequency will be 
produced as shown by the solid line in (c), and 
an output from the discriminator will be ob- 
tained when the difference frequency is in the 
vicinity of 30 mc, as shown in (d). 

The output of the discriminator consists of 
pulses of a width and repetition rate deter- 
mined by the transmitter signal. This is be- 
cause the transmitter signal is not continuous 
as the solid line in (b) seems to indicate, but 
consists of a series of pulses each a few micro- 
seconds wide recurring at a rate between 200 
and 2000 pulses per second. The difference 
frequency produced by the mixing of the trans- 
mitter and local oscillator signals is therefore 
also pulsed rf. In the discriminator circuit, 
the rf is bypassed to ground leaving only the 
pulse modulation as output. Figure N13-4 (d) 
shows the variation of the peak amplitude of 
these pulses with change in input frequency. 

The discriminator output is amplified by 
the video amplifier, integrated in the search 
stopper circuit, and applied as bias to the grid 


‘Pound and Durand, op. cit., pp. 331-337; Van 
Voorhis, op. cit., pp. 69~74. 
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of the phantastron. Provided the lock-on re- 
quirements are met, the sweeping of the phan- 
tastron will be interrupted and the phantastron 
plate voltage will become constant (fig. N13-4 
(e)). Asa result, the local oscillator frequency 
becomes stable at a frequency determined by 
the repeller voltage, and a difference frequency 
of approximately 30 mc is produced, as illus- 
trated in figure N13-4 (f). 


With the discriminator crossover adjusted 
for 30 me, the system cannot lock at a difference 
frequency of exactly 30 me, since the discrimi- 
nator output at that frequency is zero, and no 
bias is developed at the phantastron grid. 
The 0.15 me error in the illustration is the 
amount by which the difference frequency must 
exceed the crossover frequency (adjusted to 
30 mc in this case) to produce sufficient bias to 
arrest the sweeping of the phantastron. The 
magnitude of this error is a function of the 
amplification of the feedback loop. Increasing 
the amplification to reduce the error also in- 
creases the possibility of locking improperly on 
crystal harmonics. If the 0.15 me error is 
objectionable, a 30 me difference frequency 
could be produced by adjusting the discrimi- 
nator crossover for 29.85 me. 


If now the transmitter frequency shifts 10 me 
(this may be a slow drift such as is caused by 
temperature changes or a rapid change pro- 
duced by the pulling of the magnetron as the 
antenna rotates), the 30 mc difference frequency 
occurs at a different point in the sweep. Dis- 
criminator output is produced at T, or T, (fig. 
N13-4 (d)). Asa result, the circuit stabilizes 
at a different phantastron plate voltage and a 
different local oscillator frequency, but at a 
difference frequency which is still approxi- 
mately 30 mc above the transmitter frequency 
as shown in figure N13-4 (f). The action of the 
afc circuit has reduced the 10 mc change in 
transmitter frequency to a difference frequency 
change of only 0.07 mc. 


For convenience, a change in transmitter fre- 
quency has been used to illustrate the operation 
of the circuit. In practice, with the local oscil- 
lator frequency adjusted for the correct 30 mc 
difference frequency near the center of its elec- 
tronic tuning range and near the center of the 
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phantastron sweep range, the difference fre- 
quency will be maintained in spite of drifts in 
either or both the transmitter and local oscil- 
lator frequencies. Notice also that the circuit 
is capable of maintaining a 30 mc difference 
frequency in spite of local oscillator or trans- 
mitter frequency changes several times as large 
as the peak separation of the discriminator out- 
put. In other words, although the sweeping 
feature is required to bring the circuit to the 
correct operating point when it is turned on, or 
after an interruption of one of the signals, the 
afc circuit can maintain the difference frequency 
over approximately the same range without re- 
sorting to sweeping once the correct operating 
point has been established. This is true pro- 
vided the rate of change of frequency does not 
exceed the speed at which the circuit is capable 
of following these changes. This is largely 
determined by the time constants of the diode- 
phantastron control circuit. 
. (6) Wrong-sideband locking: For stable oper- 
ation, the output voltage of the afc circuit must 
change the local oscillator frequency in a direc- 
tion to counteract the change in difference fre- 
quency which produced the original voltage 
change. The discriminator can be connected 
for either direction of output voltage change 
relative to the input frequency. The correct 
discriminator connection is determined by the 
slope of the electronic tuning characteristic of 
the local oscillator and by the local oscillator 
frequency relative to the transmitter frequency. 
If the local oscillator frequency is higher than 
the transmitter frequency, the intermediate 
frequency varies directly with the local oscil- 
lator frequency (or inversely with the trans- 
mitter frequency), while the opposite is true if 
the local oscillator frequency is lower than the 
transmitter frequency. With a klystron local 
oscillator, the negative output voltage of the 
phantastron must decrease with an increase in 
intermediate frequency in the first case, but 
must increase with frequency in the second. 
Figure N13-5 illustrates the input to the afc 
circuit and the discriminator output in a system 
with a 30 mc intermediate frequency and a local 
oscillator whose frequency range is centered at 
the transmitter frequency and whose electronic 
tuning range is +40 mc. Discriminator output 
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Figure N13-5.—AFC performance showing the 
results of locking on the wrong sideband 


is obtained at frequencies approximately 30 mc 
higher and lower than the transmitter frequency 


(fig. N13-5 (b)), with the crossover at 30 mc in 
either case. If the diode-phantastron circuit is 
used to control a reflex klystron, stable opera- 
tion is obtained when the discriminator output 
is negative and has a negative slope. Examina- 
tion of figure N13-5 (b) shows that there are 
two regions in which this condition is satisfied. 

If the discriminator diodes are connected to 
produce negative output at frequencies greater 
than 30 me (this is the connection used in PC 
53), the correct stable operating point is ob- 
tained when the local oscillator frequency is 30 
me higher than the transmitter frequency (fig. 
N13-5 (b)(1) ). If the local oscillator is allowed 
to sweep through the frequency which is about 
34 me lower than the transmitter frequency, 
the circuit will also lock at a stable operating 
point, but the operation of the radar receiver 
will be seriously impaired. If the discriminator 
diodes are reversed, the discriminator output 
will be negative at frequencies less than 30 mc, 
and the correct stable operating point will be 
obtained when the local oscillator is operating 
at a frequency 30 mc lower than the transmitter. 
PC 53 can be wired to lock correctly on either 
side of the transmitter frequency, but the local 
oscillator sweep must be centered so that there 
is no possibility of locking on the wrong side. 
Some rejection of harmonics can be obtained by 
operating the local oscillator at a higher 
frequency than the transmitter. 
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14. HIGH VOLTAGE CRT POWER SUPPLIES 


The final anodes of cathode-ray tubes re- 
quire high-voltage low-current supplies. The 
supplies in common use fall into two general 
categories: line-voltage step-up transformer 
and self-excited oscillator types. 

In the oscillator types the generated voltage 
is either sinusoidal or square wave in form, and 
the frequencies range from below 1 ke to above 
100 ke. Rectifier configurations of the half- 
wave and the full-wave doubler types predomi- 
nate. The filter networks are determined by 
their output impedance and by the driving 
source frequency. In most instances, the need 
to present a reasonable value of output im- 
pedance will predominate over the need to re- 
duce the source frequency ripple component in 
the output. 

A 400-cycle line-voltage operated supply 
can be made in a size small enough to be satis- 
factory. In general, the chief disadvantage of 
a line-voltage operated unit lies in the lack of a 
source of regulated voltage; this, combined 
with the greater physical size and somewhat 
greater danger to personnel, makes the self- 
excited oscillator preferable. 

The output of a self-excited oscillator at a 
given current load can be kept as constant as 
the regulated de source supplying it. Since de 
voltages regulated to within +1% are available 
in most equipment, this presents no problem. 
Electronic means for regulation of the output 
impedance or reduction of output ripple can be 
more readily applied to the self-excited oscilla- 
tor supply than to the line-voltage operated 
unit whose range of input variation is much 
greater. 


14.1 Haamples of Circuits in Use: Thirteen 
high-voltage supplies for use with electromag- 
netic deflection cathode-ray tubes were sur- 
veyed. The electrostatic tubes found in cur- 
rent equipment require supplies that are too 
specialized for standardization. Of the supplies 
surveyed, line-voltage transformers were used 
in three, audio oscillators were used in nine, 
and an rf oscillator was used in one. Vacuum 
tubes were used in all oscillators. 


Two supplies, one providing 3.6 kv and the 
Aug. 1, 1958 


other 14 kv, were used to power a special-pur- 
pose dark-trace tube. The accelerating voltage 
of the other eleven supplies ranged from 4.8 kv 
for a 5-inch tube to 10 kv for a 12-inch tube. 
Seven of these supplies were in the range of 
5.9 to 8 kv, with 7 kv being both the mean and 
the voltage that appeared most often in this 
group. The magnitude of the screen grid 
voltages for the cathode-ray tubes ranged from 
220 to 400 volts, 400 volts being the most 
common value. 

Examples of line-voltage transformer type 
supplies are illustrated in figures 14-1, 
14-2, and 14-3. The circuit of figure 


Figure N14—1—Line-voltage transformer type 
supply 


270K 


Figure N14-2—Line-voltage transformer type 
supply 


HERMETICALLY SEALED 


~WOov 
Figure N14-3—Line-voltage transformer type 
supply 
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Figure N14—4—Pentode audio oscillator type 
supply 


N14-1 supplies the voltage for an electro- 
magnetic deflection tube, and through taps on 
the high-voltage output divider, also supplies 
the voltages required by an associated electro- 
static deflection A-scope indicator. The circuit 
of figure N14~—2 has an output capacitor of 0.02 
uf, which is small compared with the two 0.1 uf 
units used in the circuit of figure N14-1. In 
both circuits the line voltage is unregulated, 
resulting in a large output voltage variation. 
In the circuit of figure N14-3, a vacuum tube 


is connected in parallel with the output termi- 
nals to provide voltage regulation for over- 
coming the effects of changing line voltage. 
The regulator also improves the output ripple 
and output impedance characteristics of the 
supply. This unit has been designed to supply 
power to several magnetically deflected cathode- 
ray tubes. 

The circuit of figure N14—4 is from one of the 
earliest equipments in which audio-frequency 
sine-wave oscillators were used as power 
sources. The filter capacitors are significantly 
smaller electrically than those in the simple 
line-transformer units. 

The circuits of figures N14-5 through N14-8 
are examples of pentode audio oscillators taken 
from recent production. The high-voltage 
transformer, rectifier, and filter components of 
each unit are hermetically sealed in a metal 
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Figure N14-5—Pentode audio oscillator type supply 
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Figure N14-6—Pentode audio oscillator type 
supply 


container. Any of the sealed units may be 
used with any of the circuits with negligible 
differences in output characteristics. 

Figure N14-9 is an example of a pentode 
audio oscillator similar to the previously 
described oscillators in all respects but voltage 
output. The hermetically sealed container 
does not differ appreciably either in size or 
weight from the previously noted sealed con- 
tainers, one of which, therefore, could have 
been used in the supply shown in figure N14-9, 
with only slight circuit modification being 
required. This would have eliminated the 
necessity of carrying two different hermeti- 
cally sealed units as equipment spares, since 
the sealed unit of figure N14-9 and one of the 
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rag teacubi sealed units noted above were used in the same 
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equipment. 

Figure N14-10 is the only example of an rf 
oscillator type of power supply. It is also the 
only example of a supply having an associated 
regulator that controls the oscillator output. 
The equipments containing this circuit and the 
circuit of figure N14-4 have been in service for 


Figure N14-7—Pentode audio oscillator type approximately the same length of time. The 
supply higher output impedance (before adding the 


Figure N14-8—Pentode audio oscillator type supply 
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Figure N14-9—Pentode audio oscillator type supply 
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Figure N14-10—Pentode rf oscillator type supply with twin-triode voltage regulator 


regulator) of this type of unit, plus the added 
problem of higher frequency radiation, makes 
it less desirable than the audio-frequency type. 

The circuit of figure N14-11 reflects a slightly 
different approach to the oscillator power-sup- 
ply problem. Althovgh a twin triode is used, 
the average load on the dc supply is only 10 ma 
for an output of 100 va at 7000 volts as com- 
pared to 25 ma for any of the pentode circuits 
shown used with the same output voltage and 
current and input voltage. Further, the unit 
will continue to operate with reduced but usable 
output should one of the twin-triode sections 
become inoperative. The reduced output will 
allow continued operation during a mission, but 
will alert the operator to the necessity for re- 
placement of the tube at the first opportunity. 
The unit operates as a square-wave generator 
and at a lower frequency (approximately 700 
cps) than any of the other audio oscillators 
(approximately 3 kc). The output capacitor 
in the filter is three times as large electrically, 
although not physically, as those capacitors 
used in the sine-wave units (.02 as opposed to 
007). Although .007 is-about one-third of .02, 


the space taken up by the case, terminals, etc. 
for high-voltage capacitors of this size is such 
that the physical size would differ by a factor 
of two rather than three. The need to keep 
the output impedance low rather than the need 
to reduce power-supply ripple will in many 
instances be the controlling factor in selection 


Figure N14~11—Twin-triode audio-frequency 
square-wave oscillator type supply with saturable 
square-loop core material 
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Figure N14—12—Pentode audio oscillator type supply for final anode of dark-trace tube 


+220V 


Figure N14~13—Pentode audio oscillator type supply for screen grid supply of dark-trace tube 


of output capacitor size. Despite the larger 
output capacitor, the peak-to-peak ripple in the 
output voltage of this supply is slightly higher 
than that of the higher frequency supplies noted 
previously; however, the output impedance is 
lower. The operating efficiency of this unit, 
which is much higher than that of any of the 
units reviewed previously, results in low oscil- 
lator tube plate dissipation. Further, the 
constancy of output voltage with change in 
time and load is equal to or better than that of 
the sine-wave oscillators previously reviewed. 
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The circuits of figures N14-12 and N14~13 
were used for the same dark-trace tube. Cir- 
cuit N14-12 has two pentodes in parallel to 
provide sufficient power at 14 kv for the final 
anode potential; circuit N14—13 supplies 3.6 kv 
for the screen potential. These circuits are 
similar to the pentode oscillator circuits of 
figures N14—5 through N14-9. The application 
of circuits N14-12 and N14—13 is too specialized 
to include in the specifications for the preferred 
circuit. 
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14. 2. Comparison of Pentode Oscillators with 
Twin-Triode Oscillators: The survey of oscilla- 
tor-type high-voltage crt power supplies indi- 
cated that the choice of circuit type for use as 
a preferred circuit lay between the single-pen- 
tode sine-wave oscillator and the twin-triode 
square-wave oscillator. Measurements were 
made on several oscillator-rectifier-filter units. 
Two of these units were selected as representa- 
tive of their types for illustration and compari- 
son. 

The unit selected to illustrate the pentode 
oscillators of circuits N14-5 through N14=9 
was that shown in figure N14-9. It was 
chosen because it operates from a supply 
voltage of 300 volts. The example of a twin- 
triode square-wave oscillator is shown in 
figure N14-11 and it too operates from a sup- 
ply voltage of 300 volts. Thus, comparison 
of efficiency and economy of B+ current drain 
is simplified. The rectifier-filter-bleeder and 


38.0 


transformer were, in every case, contained in 
a hermetically sealed enclosure. Because of 
this, it was necessary to compare a pentode 
oscillator using a high vacuum rectifier with a 
twin-triode oscillator using a selenium rectifier. 
The high vacuum rectifier tube filaments were 
heated by a winding taken off the high-voltage 
transformer. This, therefore, added an ex- 
ternal load to the pentode oscillator which was 
not present when using the twin-triode oscil- 
lator. In order to equalize the comparison, 
one must deduct from the input power of the 
pentode oscillator the power needed to heat 
the rectifier filaments. 

The two circuits were compared by adding 
external loads to each and measuring output 
voltage and input current of each as a function 
of output load current. The results of these 
measurements are shown in figures N14—14 
and N14~-15 for the pentode and twin-triode 
oscillators, respectively. The twin-triode oscil- 
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Figure N14-14—Variation of output voltage and input current, as a function of output current, for pentode 
audio-frequency sine-wave oscillator type supply 
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Figure N14—15—Variation of output voltage and input current, as a function of output current, for dual- 
triode audio-frequency square-wave type supply 


lator curve has been corrected to compensate 
for the smaller power drain of its bleeder re- 
sistor. From the graphs a comparison can be 
made of the currents drawn by each of these 
oscillators when delivering identical power, 
approximately one watt, to their loads. The 
twin-triode oscillator draws 16.8 ma and ap- 
pears more efficient than the pentode oscillator 
which draws 35.7 ma. However, one must sub- 
tract the power supplied by the pentode oscilla- 
tor to its associated vacuum tube rectifier fila- 
ments. The heaters draw slightly less than } 
watt. Now if the loading on the output of the 
pentode oscillator unit were reduced by 60 ya, 
its loading would be reduced by approximately 
0.42 watts if it were assumed that the output 
voltage was in the vicinity of 7 kv. It can now 
be seen from figure N14-14 that a change in 
output current of 60 ua will result in a change of 
input current of 1.5 ma. If this 1.5 ma of input 
current is subtracted from the 35.7 ma of input 
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current used previously in comparing the two 
circuits, it can be seen that the ratio which re- 
mains is now 17 ma to 34.2 ma, which does not 
reduce the advantage of the twin-triode oscilla- 
tor by a significant amount. Thus it is evident 
from what was noted above and from a com- 
parison of the curves of figures N14-14 and 
N14-15 that the circuit of figure N14-11 is 
considerably more sparing of input power for 
the range of power output used with cathode 
ray tube display units than are the pentode 
circuits. of figures N14—5 through N14-9. 


14.3 Choice of CRT Operating Voltages:1* In 
the operation of electromagnetic cathode-ray 


1 Theodore Soller, Merle A. Starr, George E. Valley, 
Jr., Cathode Ray Tube Displays, Rad. Lab. Series, 
Volume 22, pp. 91, 92. 

2U. S. Naval Air Development Center, Johnsville, 
Pa., Report No. NADC-EL-55100, Phase Report, 
Improvement of Radar Cathode Ray Tube Performance 
Using the Double Pulse Technique of Spot Size Meas- 
urement as a Criterion. 
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tubes, high screen and final anode voltages are 
desirable from the standpoint of spot bright- 
ness and resolution. These voltages in turn 
determine the modulation characteristics of 
the tube, the sweep amplitude required, and 
the power required to drive the deflection coils. 
Although an increase in the screen voltage 
decreases the spot size, it also increases the 
cutoff bias of the tube and decreases the slope 
of the modulation characteristic so that a 
higher grid drive is necessary to obtain a given 
beam current. As the accelerating voltage is 
raised, the spot size decreases, but the power 
required to drive the deflecting coils increases 
proportionally. Further, at high accelerating 
voltages, the sweep length is more critical. If 
the beam is deflected beyond the edges of the 
screen, electrons that bounce off the sides and 
neck of the tube cause annoying back lighting. 
The desired light intensity at moderate beam 
currents can generally be achieved by careful 
selection of the screen and final anode voltages. 

In a particular instance, a unit using a CRT 


screen grid voltage of 220 volts was found to 
operate unsatisfactorily. The spot size, being 
too large, caused operator eye fatigue. The 
unit was modified by increasing the screen grid 
voltage to 400 volts which was the maximum 
possible without also modifying the video drive. 
The decreased spot size was a noticeable im- 
provement from the operator’s standpoint. 


14.4 Preferred Voltages: The voltages chosen 
for PC 6 were 7000 volts for the final anode, and 
300 or 400 volts for the screen grid. The 7000 
volt choice resulted from the equipment survey. 
The supply required to power the oscillator 
provides the 300 volts whenever the circuitry 
requires this potential. Four hundred volts is 
specifically provided as a separate tap on the 
high voltage bleeder, because it is the highest 
screen grid voltage that can be used with present 
video drive systems. Four hundred volts is 
the preferable screen grid voltage to use because 
the smaller spot size thereby achieved provides 
a clearer image and less operator eyestrain. 
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15. AIRBORNE FIRE CONTROL COMPUTER CIRCUITS 


The fire control computer circuits starting 
with PC 70 are preferred vacuum tube circuits 
of sufficient variety to make possible the con- 
struction of an analog fire control computer in 
which potentiometers are used for multiplying 
and function forming. 


15.1 Basis of Selection: These fire control com- 
puter circuits have been selected because they 
are the simplest which can be used repeatedly 
in computers designed to: 

(1) Permit use of standard electronic compo- 
nent parts requiring no matching or trimming. 

(2) Perform adequately under the environ- 
mental conditions specified for military service. 

(3) Require no adjustment or calibration in 
service and a minimum of adjustment and 
calibration during manufacture. 

(4) Use sufficient negative feedback to permit 
replacement of defective vacuum tubes and 
components without recalibration of the equip- 
ment, yet do not employ feedback of such 
magnitude that the danger of high-frequency 
oscillation can cause undue wiring, component, 
and layout difficulties. 


15.2 Detail Design and Construction Precau- 
tions: 

(a) Capacitors and resistors: In general, the 
circuits may be constructed using 200 volt de 
rated capacitors and % watt composition resis- 
tors both with +20% limits. Usually, com- 
position resistors with a +5% tolerance will 
stay within +20% limits. When ratings other 
than those mentioned above apply, they are in- 
dicated on the preferred circuit page. 

In some circuits capacitors must be shielded 
to avoid extraneous pickup. Grounded metal 
case types are recommended. These capacitors 
are identified in the schematic diagrams of the 
preferred circuits by a third connection, a 
ground connection to their shell. (See fig. 
N15-1.) 

Decoupling and filtering networks are in- 
cluded in the schematic diagrams of the pre- 
ferred circuits. When combinations of these 
circuits are operated together, the decoupling 
and filtering networks associated with the in- 
dividual preferred circuits should be adequate, 
provided that low impedance power supplies 
are used. 
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Low frequency resonances in the power supply 
caused by the total inductance of the trans- 
former and filter choke forming a parallel reso- 
nant circuit with the filter capacitor are 
especially troublesome in analog computer 
power supplies because low output impedance 
in the vicinity of dc is important. The power 
supply must be designed to minimize the 
amplitude of the low frequency peaks caused 
by these resonances. The output impedance 
must be so low that no combination of line 
voltage and load current changes can cause a 
ripple voltage greater than 2.5 voltsrms. This 
figure includes the residual ripple of the rectifier 
and filter itself and the transient oscillations 
which can occur when low frequency load or 
line variations occur at the power supply 
resonant frequency. 

These requirements can be met by use of a 
three-phase power supply of minimal com- 
plexity containing the following: silicon recti- 
fiers, a well designed transformer, and a 
single-section filter having a low L/C ratio when 
operated from the 400 cycle supply of a typical 
military aircraft in which the voltage and fre- 
quency are maintained within 5% of their 
nominal values. Power supplies of this type 
with 1 volt rms steady state ripple and 2.5 volts 
rms ripple under the worst transient concablone 
have given satisfactory service. 

(b) Tube types: The tube types ‘dicated 
have given satisfactory service in numerous 
analog computer applications. Subminiature 
tubes are used where permissible. If all-minia- 
ture tubes are to be used, the 5718 can be re- 
placed by one-half of a 5814A, the 6112 by the 
5751, the 5840 by the 6AU6WA, and the 6021 
by the 5670. These replacements require only 
minor changes in component values. In all 
cases, tubes conforming to the latest approved 
military specifications should be used. 

(c) Wiring and layout: In typical fire control 
computers, circuit repetition is the rule; for 
example, one computer contained 10 motor 
controllers, 16 resolver drivers, and 5 low-gain 
preamplifiers. Such computers contain more 
than 100 tubes and by means of relays may be 
connected in several different configurations. 
These large electronic units require special 
precautions in wiring and layout not ordinarily 
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required for smaller conventional electronic 
equipments of 20 tubes or less. 

(d) Ground system: Conductors large enough 
to make voltage drops negligible cannot 
be provided, especially in the ground circuits. 
Even if the chassis is used as a common ground, 
troublesome errors due to voltage drops can 
occur. A satisfactory grounding system can be 
obtained by dividing the grounds into three 
classes as follows: 

Power ground: Those elements that are con- 
nected to the power ground include all compo- 
nents that draw current and are insensitive to 
the voltage drops in and electrical interactions 
caused by the grounding system. Such compo- 
ments are fans, servo motors, power amplifier 
stages, filament transformers, relays, etc. 

Signal ground: Those elements that are con- 
nected to the signal ground include all compo- 
nents that draw current and require accurate 
voltages for computing purposes and/or those 
components sensitive to voltage drops in the 
grounding system due to high gain. Such com- 
ponents are reference transformers, computing 
potentiometers, low-level preamplifiers, etc. 
Component shields in high impedance signal 
circuits should also be connected to the signal 
ground. In such instances, care must be taken 
to insure that no extraneous connection is estab- 
lished between the signal ground and the ground 
system to which the other shields are connected. 

Shielding and chassis ground: Elements that 
are returned to the chassis include those that 
draw no current and are used for shielding, such 
as cans for transformers and choppers, tube 
shields, capacitor cases, and braid used to shield 
wire, all of which would be difficult to isolate 
from the chassis. 

These ground systems (power, signal, and 
shielding) must be connected together at one 
point and never more than one. It is best that 
they be wired completely independently and 
that an ohmmeter test be made to determine if 
they are entirely separate. Then, removable 
jumpers should be placed in the junction box to 
tie together the three grounds and the power 
supply returns. 

Typical examples of the grouping of grounds 
are illustrated in figure N15-1. When this 
system of grounds is used, the large currents of 


the fans, servo motors, and power amplifiers 
do not flow in the signal ground wires, and the 
voltage drops in the signa] grounds can be main- 
tained at negligible levels with conductors of 
reasonable size. The schematic diagrams of 
the preferred circuits do not indicate the three 
types of grounds, however, as the division is 
determined by the computer size, type of con- 
struction, and other special requirements pecul- 
iar to an individual computer. 

Two wire heater circuits should be used so 
that no heater current flows in the ground 
system of the chassis. The chassis should not 
be used for any grounds that carry current 
because protective coatings on the chassis often 
make for poor connections and large voltage 
drops. Also, as the chassis is attached to the 
airplane in more than one place, currents 
entirely foreign to the equipment may flow 
through the chassis. Currents through the 
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chassis may prevent the equipment from passing 
corrosion and salt-spray tests. 

(ec) Nulls: Poor nulls are sometimes en- 
countered at the inputs of the servos in 
computers. Satisfactory nulls can be insured 
by minimizing extraneous pickup through the 
use of adequate shielding, moderate circuit 
impedance levels, and transformers with care- 
fully controlled interwinding capacitance. 

(f) Feedback: Most of the circuits in air- 
borne computers employ large amounts of de- 
generative feedback to make the performance 
of the computer depend on a certain set of 
precision components and be as independent 
as possible of the remaining components which 
include vacuum tubes, motors, carbon resistors, 
etc. The complete problem of obtaining suffi- 
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cient feedback with good stability cannot be 
adequately treated here. 


15.3 References: An understanding of the ma- 
terial presented in the following publications 
is essential for successful application of the 
building block circuits presented here. 

(1) H. Chestnut and R. W. Mayer, Servo- 
mechanisms and Regulating System Designs (2 
vols.), John Wiley and Sons, Inc., New York, 
New York, 1951. 

(2) J. G. Truxal, Automatic Feedback Control 
System Synthesis, McGraw-Hill Book Co., Inc., 
New York, New York, 1955. 

(3) Korn and Korn, Electronic Analog Com- 
puters, McGraw-Hill Book Co., Inc., New 
York, New York, 1952. 
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1 The regulator tubes have been changed from type 
5651 to 5651WA. It is important to use the 5651WA 
because its restricted voltage range allows adjustment 
with components operating at their extreme limits. 

The term “‘limits” has been defined in the Notes on 
pp. 1-2 and 2-2. 

? The center tap of transformer T1 is connected to a 
voltage divider across the regulated output, instead of 
to a voltage divider across the unregulated input as 
shown in the original circuit diagram. 

The regulator tube has been changed from type 5651 
to 5651WA. . 

The term “limits” has been defined in the Notes on 
p. 3-2. 

3 V4 has been changed to 5651WA. 
circuit diagram, it was shown as 5651. 

For clarity, the circuit diagram has been partially 
redrawn. 

The limits of R19 have been corrected to read 41%. 


In the original 
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In the original specifications, R19 was listed as having 
both +1% and +10% limits. 

The limits of R7 and R8 have been changed from 
+1% to +2%. 

The term “limits”? has been defined in the Notes 
on p. 4-2. 

4 The value of R19 has been corrected to read 150K. 
The value of 100K shown on the original circuit dia- 
gram was an error in the drawing. The limits of R19 
have been corrected to read +1%. In the original 
specifications, R19 was listed as having both 41% and 
+10% limits. 

The limits of R7 and R8 have been changed from 
+1% to 42%. 

V4 has been changed to 5651WA. 
circuit diagram it was shown as 5651. 

For clarity, the circuit diagram has been partially 
redrawn. 

The term “limits” has been defined in the Notes 
on p. 5-2. 


In the original 


16. CRYSTAL OSCILLATORS 


Crystal oscillators are used as sources of 
stable signals. They are also used in fre- 
quency synthesis systems of electronic com- 
munications and test equipment. In these 
systems, crystal oscillators are usually associ- 
ated with frequency multipliers and mixers. 
The frequency stability of such oscillators is 
generally measured in parts per million, whereas 
stability measurements for frequency standards 
are in parts in 10° or 10°. 

There are two basic types of crystal oscilla- 
tors:! the type whose frequencies of oscillation 
are dependent upon the antiresonant or high- 
impedance properties of the crystal and the 
type dependent upon the series resonant or 
low-impedance properties of the crystal. The 
former type is usually restricted to frequencies 
below 20 mc, while the latter is useful up to 
frequencies of 100 mc and higher. 

The circuits discussed here will be limited to 
those operating in the antiresonant mode in 
the frequency range from 0.8 to 20 me. 


16.1 Hzamples of Oscillator Circuits in Current 
Use: A total of 27 equipments, 16 Air Force 
and 11 Navy, were surveyed to determine the 
most commonly used oscillator circuits and 
their performance requirements. Sixty-nine 
oscillators were used in the 27 equipments. 
The basic types and the number of each type 
used are listed below. 


Cathode Coupled_._.--___-_------- 23 
Colpitts.____.-.---------------- 15 
Electron-Coupled Colpitts--_---_- 15 
PICTOO ses os ee ea 6 
Electron-Coupled Pierce __-------- 2 
Miller____..._-_._.___----__---- 2 
Electron-Coupled Miller __-_..--_- 1 
Transformer Coupled __----------- 1 
Quintuplex__.________----------- 1 
Grounded Plate Hartley ___-----_- 3 


The first three types comprise more than 75% of 
the total. Essentially, all military oscillator 
requirements can be met by use of these three 
types. Certain design changes may be neces- 


1 William A. Edson, Vacuum-Tube Oscillators, John 
Wiley & Sons, New York, N.Y., 1953, pp. 197-226. 
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sary to meet special requirements. These 


design changes will be discussed later. 


16.2 Characteristics of Piezoelectric Crystal 
Units: The equivalent circuit of a piezoelectric 
quartz crystal is characterized by a series RLC 
combination shunted by C,, the holder static 
capacitance. For this type of network, there 
are two frequencies at which the reactance 
becomes zero. The lower frequency is called 
the series resonant frequency and the crystal 
impedance is low. The higher frequency is 
called the anti- or parallel-resonant frequency, 
where the crystal acts as a high impedance. 

In practical oscillator circuits, the anti- 
resonant crystal is associated with a load 
capacitance, and the crystal equivalent circuit 
is inductive, forming a parallel resonant 
circuit at a frequency slightly less than that of 
the antiresonant frequency of the crystal alone. 
The impedance of this arrangement is high. 

In the frequency range of the Preferred 
Circuits (PC 101 and 102), the crystals used 
are of the thickness shear mode of oscillation 
and osciJlate in the fundamental mode. 


16.3 Description of Various Oscillator Circutt 
Types: An analysis and description of the more 
common types of antiresonant oscillators listed 
in section 16.1 are given below. A more 
detailed analysis is presented for those types 
chosen as preferred circuits. 


(a) Pierce oscillator: The Pierce oscillator, 
shown schematically in figure N16-1, is an 
antiresonant type. The equivalent crystal 
reactance is inductive and forms a tuned tank 
circuit with the series combination of C, and 
C, in parallel with C,,. The capacitance 
presented to the crystal is called the load 


Figure N16-1.—Pierce oscillator. 
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capacitance, C, The output is developed 
across the load resistor, Ry. With an untuned 
load, the output voltage is low, but frequency 
changes can be accomplished by simply switch- 
ing crystals on a plug-in basis. For operation 
at a single frequency, the output may be tuned, 
resulting in voltage levels considerably greater 
than those for the untuned output. The 
circuit is not critical in operation and will 
oscillate with variations in external circuit 
component values. The oscillator requires a 
minimum number of circuit components. 


(6) Miller oscillator: The Miller oscillator 
circuit schematic is shown in figure N16-2. 
Although the operating frequency is more de- 


Figure N16-2.—Miller oscillator. 


pendent on plate tuning conditions than is 
that of the Pierce, and the circuit is more com- 
plex in design, this oscillator is widely used, 
since the output voltage is larger than that of 
the Pierce. The load capacitance of the crystal 
is a function of C,, Cy, Ly, and frequency. 
The frequency dependence precludes use of the 
oscillator at more than a single frequency on a 
crystal plug-in basis. Instead, a tuning adjust- 
ment is required for operation at a new fre- 
quency. Generally, this is accomplished by 
using a variable capacitor or inductor in the 
plate circuit. The plate tank is tuned to a 
frequency above that of the crystal so that the 
plate impedance will appear inductive, and 
thus provide the proper phase condition for 
oscillation. Since C,, is small for pentode tubes, 
use of this type of tube normally requires the 
addition of a small capacitor from plate to grid. 


(c) Colpitts oscillator: The Colpitts, or 
grounded plate Pierce, circuit is shown in 
figure N16-3. The plate is ac grounded and 
the output voltage is developed between cath- 


Figure N16-3.—Colpitts oscillator. 


ode and ground. The feedback voltage is de- 
veloped across the grid cathode portion, C2, 
of the capacitive voltage divider C2, C3. Grid 
bias is developed on positive voltage peaks 
when the grid conducts and charges the grid 
ground capacitance C1. R, acts as a grid leak 
and together with Cl performs an amplitude 
regulating function. The capacitance across 
the crystal, together with that of the voltage 
divider, provides the required capacitive load 
for the crystal. The antiresonant tank is 
composed of this load capacitance and the 
equivalent inductance of the crystal. 

If C1 of figure N16-3 is kept constant, and 
the ratio of C3/C2 is changed to keep the total 
capacitance looking out from the crystal termi- 
nals constant at 32 uuf, then the voltage ampli- 
tude across the crystal and the voltage ampli- 
tude across the load will vary as shown in figure 
N16-4.2, These voltage amplitudes have been 
normalized with respect to the maximum volt- 
age across the crystal. The measured quantities 
are shown as dashed lines, and the computed 
quantities are shown as solid lines. In the com- 
puted case the factor due to grid loading was 
neglected. This factor effectively reduces the 
C3/C2 ratio, and a higher output results. The 
measured data does not go below a ratio of 1.0 
because the output load and distributed capac- 
itances make a value less than 1.0 impractical. 
The broken line curve shows the change in parts 
per million of the output frequency as a function 
of capacitance ratio for a 10% change in supply 
voltage. This is a measure of the stability of 
the circuit, since a decrease in transconduc- 
tance with tube life will tend to change the 
plate resistance of the tube in the same direction 


2H. E. Gruen, “How to Design Colpitts Crystal 
Oscillators,”’ Electronics, January 1, 1957. 
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Figure N16-4.—Circuit performance, Af/f, vs. 
capacitance ratio, C3/C2, for total capacitance 
C.=32 uuf. (ex is the voltage across the 
crystal; e, is the output voltage.) 


as a decrease in supply voltage. This change in 
plate resistance will be translated into a change 
in output frequency. 


(d) Electron-coupled oscillators: The oscilla- 
tors described in the preceding sections (a) 
through (c) are all adaptable to electron cou- 
pling. Generally, the oscillators as given 
utilize triode tube sections. For electron cou- 
pling, pentodes are used. 

The most commonly used electron-coupled 
pentode is the electron-coupled Colpitts oscilla- 
tor (see list in section 16.1). The pertinent cir- 
cuit parameters of this oscillator are shown in 
figure Ni6-5. The load is well isolated from the 
oscillator portion of the circuit, and the load cir- 


Figure N16-5.—Electron-coupled Colpitts oscillator 
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cuit is readily adjustable to obtain harmonics 
of the crystal frequency. 

Pentode tube types having internal suppres- 
sor-to-cathode connections are not the most 
desirable types for electron-coupled circuits, 
since the capacitance from plate to cathode 
allows coupling external to the electron stream. 
Use of a pentode with an external suppressor 
lead allows grounding of the suppressor by a 
capacitor. The suppressor-to-cathode de po- 
tential may be maintained substantially at zero 
by returning the suppressor through a resistor 
(R,) to the junction of the cathode inductor 
(Z,) and the cathode bias resistor (R,). 


16.4 Criteria for the Selection of the Preferred 
Circuits: The factors influencing the selection of 
Preferred Circuits 101 and 102 are discussed 
below. 


(a) Selection of PC 101: The primary advan- 
tage of the Colpitts oscillator is circuit sim- 
plicity. Output is fair over the range of crystal 
resistances specified by MIL—C-3098B. Fre- 
quency change is accomplished by utilizing crys- 
tals on a plug-in basis. From an operational 
standpoint, the Colpitts and Pierce oscillators 
are similar, but the former circuit offers greater 
advantage when operation over a range of fre- 
quencies is required. 

In the Colpitts design, only adjustments for 
proper load capacitance and capacitance ratio 
values are necessary. These adjustments are 
made by measuring the grid-to-cathode, cath- 
ode-to-ground, and grid-to-ground capacitances 
and adding physical capacitors to obtain the 
desired values of each. For most military type 
crystals, the load capacitance, C;, is 32 +0.5 
puf, which is the value used in PC 101. 

Although the Miller circuit produces higher 
output voltage than do the Colpitts or Pierce 
circuits, it has the disadvantage of requiring 
a tuning adjustment, which must be accurately 
set for each operating frequency. Its frequency 
is also more sensitive to changes in load imped- 
ance. Comparison of the characteristics and 
information on usage of these circuits formed 
the basis for selection of the Colpitts oscillator 
as a preferred circuit for low frequency opera- 
tion where a reliable circuit providing reason- 
able output into low to medium impedance 
loads is required. 
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(b) Selection of PC 102: The electron- 
coupled Colpitts oscillator has advantages 
similar to those of the Colpitts circuit, plus the 
desirable characteristics of isolating the effects 
of load impedance changes from the oscillator 
portion of the circuit. Harmonics of the crystal 
frequency may be obtained by tuning the plate 
circuit for the desired frequency. Tuning is 
accomplished by adjusting the plate tank to 
obtain a maximum output voltage at the desired 


frequency, be it fundamental or harmonic. 
Changes in fundamental frequency are made 
on a crystal plug-in basis, as in the Colpitts. 
The electron-coupled Colpitts oscillator pro- 
duces nearly as high a voltage as the Miller, and 
can be made almost completely independent of 
loading effects. It was thus selected for a 
preferred circuit to provide a stable fundamental 
or harmonic signal for use in control and 
synthesis systems. 
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16. Crystal Oscillators, pp. N16-1—-N16—-4, dated 
April 1, 1959. 


POWER SUPPLY VOLTAGES FOR TRANSISTORS 


A supplement to MIL-STD-706,* which will include regulated power sup- 
ply voltages for transistors, is under consideration. The voltages which appear 
most likely to be adopted are 1.5, 3, 6, 12, 25, 50, and 100 volts, positive or 
negative. These are the power supply voltages which are used in the transistor 
circuits in this manual. 


*MIL-STD-706, 23 December 1958, establishes nominal values for regulated direct 
current power supply voltages within the range of 100 to 500 volts for use in military elec- 
tronic equipment. This standard provides in part as follows: ‘‘Nominal values of all regu- 
lated direct current voltages within the range of 100 to 500 volts, positive or negative, shall 
be selected from the following list: 100 volts, 150 volts, 250 volts, 300 volts, and 450 volts.” 


April 1, 1959 


17. TRANSISTOR DIGITAL LOGIC CIRCUITS 


17.1. General: Preferred Circuits 210 through 
216 are a compatible set of transistor digital 
logic circuits for use in computer, control, and 
communication equipment. These circuits 
were designed to operate and were tested over 
a temperature range of —30 to +60° C and at 
repetition rates up to 150 ke, which is the 
maximum repetition rate at which the pre- 
ferred digital logic circuits will operate under 
maximum load and worst operating conditions 
(limit transistors, limit resistors, limit voltage- 
supply magnitude, limit temperature). When 
tandem-connected logic circuit chains are in- 
terconnected through feedback chains, signals 
should not be introduced into a circuit before it 
has recovered from a previous signal input. 
Timing charts must be drawn for each logic 
circuit loop, therefore, to make certain that 
this does not occur. For example, the time 
interval between the introduction of a signal 
into the trigger input of a binary counter chain 
and the sampling of the output must be suf- 
ficiently long to allow settling of the last stage 
of the counter prior to the sampling. 

The terms “logic”? and “logical” are used in 
connection with circuits that perform the basic 
functions of AND, OR, inversion, delay, and 
storage. These are the basic functions of a 
digital computer, or of the binary operations of 
data processing, control, and communication 
systems. The source of the terms “logic” and 
“logical” is Boolean algebra, which was origi- 
nally developed as a mathematical analysis of 
logic, but has been applied to notating and 
improving assemblages of the basic functions 
of digital computers. In the set of preferred 
circuits, PC 210 performs the general purpose 
AND, OR, and inversion function. PC 211 
performs a special purpose AND function. PC 
212 performs the storage function, and PC 213 
performs the delay function. PC 214, 215, and 
216 are auxiliary circuits used in conjunction 
with the logic circuits. PC 214 reconstitutes 
pulses which have deteriorated in the course of 

‘R. K. Richards, Digital Computer Components and 
Circuits, D. Van Nostrand Inc., New York, 1957, 
pp. 64, 65. 
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passage through a chain of logical circuits, and 
is used in conjunction with the time delay to 
provide a standard pulse output from that cir- 
cuit. PC 215 is a power amplifier used to 
permit a circuit of restricted load capability to 
drive a multitude of other logic circuits. PC 
216 is an indicator. 


17.2 Power Supplies: Voltages of +6, —6, 
and —18 volts are required for operation of the 
set of compatible digital logic circuits. The 
--18 volt supply is made by connecting the 
positive side of a 12-volt floating source to the 
negative side of the —6 volt supply. This 
arrangement prevents flow of current in the 
reverse direction through the —6 volt supply. 
Such reverse current flow can occur, for ex- 
ample, when the transistor of PC 210 is cut 
off and the —18 volt potential is supplied by a 
separate source. Here, positive current will 
flow from ground, up through the —6 volt 
supply, then through the collector resistor of 
Q1 and into the negative terminal of the —18 
volt supply, and back to ground. If, however, 
the —18 volt potential is derived from a floating 
12-volt supply which is connected in series with 
the —6-volt supply, the current will flow from 
the positive side of the 12-volt supply, through 
the collector resistor of Q1 and into the negative 
terminal of the 12-volt supply. Thus, no cur- 
rent (neglecting Ic¢po) will flow through the 
—6 volt supply. 

Preferred Circuits 210 through 216 are 
designed to operate from a supply which does 
not vary more than +10% from the nominal 
values of —6 volts, —18 volts, and +6 volts. 
The noise level of the —6 volt supply is re- 
stricted by the characteristics of the bistable 
multivibrator and can be no greater than 1.7 
volts in peak magnitude if spurious triggering 
is to be prevented. 

As a general rule, digital circuits such as PC 
210-216 are packaged into counters, shift 
registers, and groups of gates. Insertion of a 50 
uf capacitor between the —6 volt supply and 
ground, for every group of 10 packages which 
average 4 circuits per package, will serve to 
keep the noise level within limits. In addition, 
bypass capacitors must be spotted along the 
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power distribution lines to filter out transient 
noise. A disturbance such as that induced 
by the starting of a fluorescent desk lamp can 
cause voltages as high as 4 or 5 volts with 
respect to ground at frequencies in the 10 me 
range. Such pulses of noise will trigger a 
sensitive flip-flop and cause an error. To 
filter out such noise, 0.4 yf extended-foil 
polystyrene capacitors can be used. These 
capacitors should be spotted along the power 
distribution lines for every group of ten 
4-circuit packages. For larger or smaller pack- 
ages, the linear distribution should be pro- 
portioned to achieve the same amount of 
filtering. The above rules are general. For any 
given installation, the filtering requirement 
should be determined by checking the dis- 
tribution points of the power-supply leads with 
an oscilloscope. A high-frequency oscilloscope 
should be used, because of the possibility of 
outside interference in the 10 me range. 

In computer and data processing equiprnent, 
hundreds of transistors may be installed in a 
single equipment bay. The current flow can 
exceed 20 amperes in the steady state, and 
variational currents of amperes can flow at a 
given time. This large variational current 
flow gives rise to a difference of potential 
along the ground bus which may be of sufficient 
amplitude to cause an equipment error. Gen- 
eral precautions to observe in laying out grounds 
are: 

1. Use flat strip conductors to decrease 
lead inductance. 

2. Use a fanning out of ground distribu- 
tion, i.e., where possible run each circuit or 
circuit group common ground directly to the 
ground bus. 

3. Run these intermediate ground busses 
to a main ground bus with an increased size 
comparable to the number of intermediate 
busses joining it. 

4. To check the adequacy of the ground 
system, use a high frequency oscilloscope 
with its ground connected to the central 
ground point or to a point on the main ground 
bus, and run the oscilloscope probe along the 
main and intermediate ground busses. The 
magnitude of the voltage transients along 
the bus caused by variational currents flowing 


in the bus will serve as an indication of the 
effectiveness of the ground system. 


17.3 Loads: The input impedance and maxi- 
mum output load for each circuit of this series 
are given in terms of “F’’ and “G” loads in 
order to simplify the loading rules. The 
equivalent circuits of these loads are shown in 
figure N17-1. The actual input impedance 
may vary somewhat from the equivalent cir- 
cuit describing it; however, allowances were 
made for this in formulating the output loading 
rules for each circuit. The basic criterion in the 
determination of maximum circuit loading is 
the allowable rise time. 

(a) “F’’ Load: The “F” load is derived from 
the input impedance of the bistable multivi- 
brator, PC 212. An RC approximation of this 
input impedance is less accurate than that of 
the “G” load because of the transistor loading 
at the junction of the capacitor and resistor. 
The two forms of the “F’’ load represent the 
possibility of coupling capacitively or resis- 
tively into the flip-flop input. 

(b) “G’ Load: The “G”’ load is derived from 
the input impedance of the general purpose 
NOR gate, PC 210. 


(a) "F" LOAD 


§.62K 
(b) "G" LOAD 


Figure N17-1.—Equivalent circuits of loads and 
input impedances. 


17.4 Pulses and Levels: The terms ‘‘pulse(s)”’ 
and “‘level(s)” are used in the descriptions of 
the preferred digital circuits. A level may be 
thought of as a steady-state signal which is 
used to gate a pulse-type signal. In many 
cases the steady-state signal is the output signal 
from a switching array, and the pulse trans- 
forms this signal to a type of binary digit repre- 
sentation that can be used to acuate a flip-flop 
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or other binary storage device. The informa- 
tion is sometimes viewed as being in the pulse 
and sometimes as being in the steady-state 
signal, but the functioning of the circuit is the 
same. In asense, both signals contain informa- 
tion regardless of the application, even when 
one of the signals, usually the pulse, is applied 
in a continuous repetitive fashion in the form of 
a “clock pulse.” ? 

Pulses with positive-going leading edges are 
referenced to —6.2 volts (+10%), and pulses 
with negative-going leading edges are referenced 
to ground. The pulse with a negative-going 
leading edge occurs at a transistor output when 
a PNP transistor is switched from on to off; 
a pulse with a positive-going leading edge occurs 
when a PNP transistor is switched from off to on. 
The pulses have a minimum width of 0.8 usec 
at an amplitude of 50% of maximum with a 
leading edge rise time? of 0.2 usec or less. 


17.5 Definitions of Terms: Special terms used 
in PC 210 through 216 are defined below. 

(a) AND gate: A gate whose output is 
energized when and only when every input is in 
its prescribed state.* 

(b) Binary cell: An elementary unit. of stor- 
age which can be placed in either of two stable 
states. (In the text of the preferred circuits, 
such a unit is represented by the bistable multi- 
vibrator, PC 212.) 

(c) Clear: To restore a storage or memory 
device to a prescribed state, usually that de- 
noting zero.* (See also Reset.) 

(d) Delay time: The time required for the 
collector voltage to complete the first 10% of 
its total change when a switching transistor is 
turned on. It is measured from the instant 
that the signal applied to the transistor to turn 
it on completes 10% of its amplitude change. 
This definition, which is used in preferred cir- 
cuits 210 through 216, permits the delay time 
to be determined by measuring circuit voltages. 
It is derived from the basic definition of delay 
time found in the General Specification for 
Semiconductor Devices, MIL-S-19500B, which 
refers to the semiconductor itself and reads: 

2 Tbid., p. 55. 

3 See definition of rise time, section 17.5. 


‘IRE Standards on Electronic Computers, Proc. 
IRE, Vol. 44, No. 9, September, 1956, pp. 1166-1173. 
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“the delay time of a pulse is the time interval 
from a point at which the leading edge of the 
input pulse has risen to 10 percent of its maxi- 
mum amplitude to a point at which the leading 
edge of the output pulse has risen to 10 percent 
of its maximum amplitude.” The input and 
output pulses referred to in this basic definition 
are current pulses, which are not easily meas- 
ured in the preferred circuits. 

(e) Fall time: The time taken for the trailing 
edge of a pulse to decay from 90% to 10% of 
its steady state amplitude. In preferred cir- 
cuits 210 through 216 the fall time is deter- 
mined by measurement of the voltage wave- 
form. 

(In computer terminology, fall time is often 
defined in terms of the fall of the current in the 
collector circuit of the transistor. The com- 
puter definition may refer either to the leading 
or the trailing edge of the output voltage wave- 
form. When referring to the output of a 
normally ON transistor, it would apply to the 
leading edge of the voltage waveform, but 
when referring to the pulse output of a normally 
OFF transistor, it would apply to the trailing 
edge.) 

(f) Inhibit: To apply a biasing potential to a 
diode gate in such a direction as to increase its 
resistance to the flow of current in the forward 
direction. 

(g) Level: A level, as contrasted with a 
pulse, is a signal of relatively long existence in 
a given state (“1” or “0”). Levels are de 
coupled and are used to prime or inhibit the 
gating logic and the diode gates which control 
the multivibrator input. The levels are always 
fed to the multivibrators through the resistor 
input of the diode gates. The minimum dura- 
tion of a level is 5 usec. (See also section 17.4.) 

(h) Logical “1”: A level represented by a 
voltage of —6.2 volts +10% (—6 volts +10% 
plus the drop of —0.2 volts across the clamping 
diode used in all the circuits) with respect to 
ground potential. 

(i) Logical “0”: A level represented by a 
voltage which has a potential of approximately 
zero volts (maximum —0.15 volts, the approxi- 
mate drop across the emitter-collector terminals 
of a saturated transistor) with respect to 
ground potential. 
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(7) NOR gate: A gate which is capable of 
operating either as an AND gate or as an OR 
gate. 

(k) On to Off and Off to On: The action of a 
transistor in being switched from a conductive 
to a non-conductive state and vice versa 
respectively. 

(1) OR gate: A gate whose output is ener- 
gized when any one or more of the inputs is in 
its prescribed state. 

(m) Prime: To apply a biasing potential to a 
diode gate in such a direction as to facilitate 
the flow of current through it in the forward 
direction. 

(n) Register: A device capable of retaining 
information. (See PC 212, section 4.2.) 

(0) Reset: To restore a storage device to a 
prescribed state. Also, to place a binary cell 
in the initial or ‘zero’ state.5 (See also Clear.) 

(p) Rise time: The time taken for the lead- 
ing edge of a pulse to rise from 10% to 90% of 
its final magnitude. This definition is inde- 
pendent of the polarity of the pulse. (See also 
Fall time.) 

(qg) Set: To place a storage device in a pre- 


5 Thid. 


scribed state. Also, to place a binary cell in 
the “‘one”’ state.5 

(r) Shift: Displacement of an ordered set of 
characters one or more places to the left or 
right.* 

(s) Storage time: The time required for the 
collector voltage to complete the first 10% of 
its total change when a switching transistor is 
turned off. It is measured from the instant 
that the signal applied to the transistor to turn 
it off completes 10% of its amplitude change. 
(See also Fall time.) 


17.6 Symbols: 
(a) Pulse: —_—> 
(b) Level: — 


(c) AND Gate: 


(d) OR Gate: 


(e) Inverter: 
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of the Manual and Directions for Use, p. ix, 
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Half-title page reading: 
“PART 1, PREFERRED CIRCUITS 
MANUAL”. 
(Reverse side is page 1-2) 
PC 4, p. 4-2, dated Aug. 1, 1958 


PART 2. 


PREFERRED 


INSERT 
Introduction, pp. vii—ix, dated April 1, 1960. 


Table of Contents, pp. xi and xii, dated April 1, 
1960. 


CIRCUITS MANUAL 


After Table of Contents, insert half-title page 
reading: “PART 1, PREFERRED CIR- 
CUITS MANUAL, A. VACUUM-TUBE 
CIRCUITS”. 

(Reserve side is blank) 

Half-title page reading: “NBS PREFERRED 
CIRCUIT NO. 1, DC REGULATOR FOR 
POSITIVE OUTPUT 150 VOLTS”. 

(Reverse side is page 1-2.) 

PC 4, p. 4-2, dated April 1, 1960 

PC 78, pp. 78-2—78-4, dated April 1, 1960. 
(Insert after PC 74 issued in Supplement 1.) 

After PC 102 (issued in Supplement 2), insert 
half-title sheet reading: “B. TRANSISTOR 
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PC 210, pp. 210-2—210-7, dated April 1, 1960. 

PC 211, pp. 211-2—211-6, dated April 1, 1960. 

PC 212, pp. 212-2—212-12, dated April 1, 1960. 

PC 213, pp. 213-2—213-9, dated April 1, 1960. 

PC 214, pp. 214-2—214-8, dated April 1, 1960. 

PC 215, pp. 215-2—215-8, dated April 1, 1960. 

PC 216, pp. 216-2—216-3, dated April 1, 1960. 
(Insert PC 210—216 after PC 202, issued in 

Supplement 1.) 

PC 252, pp. 252-2—-252-8, dated April 1, 1960. 

PC 253, pp. 253-2—253-7, dated April 1, 1960. 
(Insert PC 252 and 253 after PC 251, issued 
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17. Transistor Digital Logic Circuits, pp. 
N17-1—N17-4, dated April 1, 1960. 


1 In the schematic diagram of the circuit dated Aug. 1, 1958, the connections to the plates of V5 were inter- 
changed. The new schematic diagram corrects this mistake. 
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PEN AND INK CHANGES 


PC 202: 

Transistor type 2N387 which was used in PC 202, Transistorized 7 KV CRT Power Supply 
(issued in Supplement 1), has been dropped from the MIL preferred list. In PC 202 the 2N387 
can be replaced by the 2N174. Note that although the two transistors are electrically similar, 
they are not mechanically interchangeable. 

The following pen and ink changes should be made in PC 202: 

Page 202-2: On the preferred circuit schematic diagram, change the transistor type from 
2N387 to 2N174. , 

Page 202-3, section 2.2, first line: Change “2N387” to “2N174”. 

Page 202-6, second column, first sentence beginning on second line to semicolon on 4th line: 
Change “The 2N387 has a rated input impedance of 60 ohms, but this is in series with a 
180-ohm resistor; to “The 2N174 has an input impedance which is small compared to the 
180-ohm resistor in series with its base;”’ 


Page 202-8, figure 202-8: Change the transistor type from 2N387 to 2N174. _— 
Page N2-8: The equations for K,?* and K,?" in the right hand column should read as follows: 


7 (0.15)28 7 ; 
=735—(2.4)(0.15)(250) 7 Oe? X10 


(0.1)? 
~~ 1385— (3.6) (0.1) (250) 


Ki? 


Ke" =4.8X 1073 


The equation for K,?* was erroneously changed in the errata sheet of June 22, 1956. The 
equation for K,?* was correctly changed in the errata sheet of April 1, 1959 (Supplement No. 2) 
but the error in the previous errata sheet was not corrected. 
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